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Ecologica?‘Survey of WOL by Krumholtz 1954
(one volume of three, plus a summary volume)

ORO-XXXX

Coots (ducks) spent winters on WOL because it was a hunting sanctuary during open season and
was apparently far south and warm enough for them, During the winter of 1951-52 coots and
other species of ducks were trapped and various tissues were analyzed for radionuclides. A lot of
algae was found in their stomach contents. Coots had higher gross beta cpm than any other duck
species trapped, except 1 gadwall and 1 wood duck reared near WOL. Radiochemical analysis of
muscle, caeca and intestines from 1 coot and 1 gadwall (duck) were conducted. Breast muscle
from 2 coots was analyzed. Practically all of the radioactivity was emitted by P-32. P-32 was
accumulated during phosphorylation (breast muscle is a big and active muscle). P-32 has a 14 day
half-life. 3 or 4 days went by before the assay was done, and no decay correction was made, so
P-32 could have been even higher. Each bird had about 11 ounces of edible tissue containing
about 2.5 microcuries. It was calculated that a person could eat 2.4-6.7 ounces of edible coot
tissue without exceeding the MPC for P-32 (no calcs or MPC values shown in results table).
Coots, turtles and muskrats also had Sr-90 in bones. The only mention of the Intermediate Pond
is that green-winged teals (ducks) preferred it over WOL.
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THE FISH POPULATION OF WHITE OAK LAKE,

ROANE COUNTY, TEMNESSEE, 1950-1953

INTRODUCTION

One of the most essential parts of a survey of any body of water is
| a rether accurate appraisal of the composition and abundance of the various
species of fish present. Other feabures to be noted are the rate of growth
and the "condition" of the individual fish as indicated by the relationship
between thelr length and weight. In addition, observations on the success
of reproduction, the ability of any species to maintain itself as an
integral part of the population, food supply, and so on, frequently give
clues to the general well-being of the population as a whole

Several methods for estimating the size of the total fish éopula’cion
of a body of water have been developed during recent years. Most of those
are based on the procedures devised by C. G. J. Petersen (1896). The
salient features outlined by Petersen are: (1) the release of a number of
merked fish into the body of water, (2) the recording of the pumber of fish
caught during the period in question, end (3) noting the number of merked
fish present among the total catch. From these data it is possible to
estimate the total population "P" from the following formula

'
“R

in which M is the number of marked fish in the body of water, C is the
total number of fish caught, and R is the number of marked fish recaptured.
One of the most widely adopted methods for estimating f£ish popula=

tions is that developed by Schnabel (1938) in which
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where A is the number of figh examined on any day,

B is the summation of
the number of marked fish in the lake at the time, and C is the summation

of the number of recaptured marked fish, Schnabel used the method of

maximum likelihood in averaging a series of estimates while the marking was

in progress. Krumholz (19);) pointed out that it could be proved alge-

braically that the Schnabel formla gives yields that are generally too

high. However, when the ratio between the number of marked fish and the

population is small, and hence the numbers of recaptured marked fish
is necessarily small compared to the number of marked fish in the lake, the

formula is adequate for most estimates,

It has been shown by Ricker (1948) that such estimates are valid
only if the following assumptions hold trus:
1.

That the marked fish suffer the same mortality as the unmarked
ones;

2.

3. That the marked fish are as vulnerable to fishing as the
unmarked ones;

L.

population;

That the marked fish do not lose their mark;

That the marked fish become randomly mixed with the entire

5.

That all of the merked fish are reported when caught; and
6.

That there is only a negligible amount of recruitment to the

catchable Population during the time that the study is being carried on,

Even though White Qalk Lake has received waste materials from the Oak

Ridge National Laboratory during most of its lifetime, there is little




o believe that the above-mentioned assumptions would be less likely

reason t

%0 hold true for the fish population in that lake than in any other. For

that matter, White Oak Lake would appear to lend itself more readily to

such a study because there is no exploitation of the fishery and consequently

there could be no loss of marked fish through that channel. The only changes

jn the size and composition of the population were from "patural™ causes

including the presence of excessive wastes or siltation.

Another method for estimating the size and composition of a fish

population is to kill off the entire population and then recover, count,

weigh, and measure the fish. Although this method has also been widely

used, there is no assurance that the entire population can be recovered.

In an effort to obtain as complete data as possible, six semi-

annual netting studies of the population were made beginning in the fall of
1950 and ending in the spring of 1953. Immediately following the completion

of the last netting study, the lake was partially dreined and treated with

rotenone snd all of the fish killed and recovered so far as possible.

MATERIAIS AND METHODS

The kinds of fish present in White Osk Lake during the period of

investigation that were captured in the nets were: the bluegill (Lepomis

me macrochirus), the largemouth bass (Micropterus salmoides), the black

the white crappie (i’o:noxis sparoides),

crappie (Pomoxis nigro-meculatus),

the carp (Cyprinus carpio), the goldfish (Carrasius aguratus), carp X

goldfish hybrids, the yellow bullhead (Ameiurus natalis), the northern

redhorse (Moxostoma erythrurum), and the gizzerd shad (Dorosoms cepediamum)e.

In addition, one common sucker (Catostomus commersonni) was caught in the




spring of 1952, The only other fish that was present in the lake during

the survey, but which was not large enough to be retained in the nets, was

the western mosguitofish (Gambusia a. affinis).

Hoopnets were used to catech the fish necessary for making the
estimates of the fish population. Each net consisted of cotton wabbing
stretched over six wood hoops of the following diameters from fromt to
rear: L~1/2 feet, -1/} feet, I feet, 3«3/l feet, 3-1/2 feet, and 3-1/1;
feet, with throats or funnels on the first and third hoops. The first
Throat was finished with four strings which were attached %o the inside of
the second throat. The second throat was fingered and finished with two
strings which in turn werse attached to the tail rope at the rear of the
net. The tail of the net was fitted with a drawstring so that fish, having
entered the front of the net, could be worked toward the rear of the net
and removed by loosing the drawstring. Thus, by pulling the tailrope
tight, the throats would also be drawn tight and held up and away from the
bottom and sides of the net. The entire net was 116 meshes long; the first
32 meshes being l%-inch bar measure, and the last 8l being l-inch bar
measure.,

Bach net was fitted with a 50-foot lead fastened across the center
of the first hoop and a 20-foot wing attached on each side. Both wings and
the lead were made of 13-inch bar webbing and were fitted with floats and
weights., Each wing, the lead, and the tail pole were tied to native
sassafras poles so that the nets could be firmly placed in the lake,

In setting the nets, the lead pole was worked firmly into the lake
bottom near the shore. The lead was then stretched out into the lake

making an angle of about L5° with the immediated shoreline and the net




1aced in the desired locationm. Then the two wing poles were set in place,

_each meking an angle of about L5° with the lead. The hoops were then
pulled tight away from the lead and wing péles and the tail pole driven
."tightly into the bottom. Thus, the net rested on the lake bottom but was
held upright by the hoops and poles and accessible to the fish.

A total of 1, different locations in White Oak Lake were used for
getting nets as indicated on the map (Figure 1). Perhaps there were other
locations where nets could have been set, bub at most other sites the
water was either too deep or shallow to accommodate the nets properly, or
there was so much brush and debris preserrb. that handling the nets would
have been impracticable. The nets ﬁere generally set with the front facing
downstream so that the fish, which ﬁsually work upstream near the shore,
would emter them. No more than eight nor fewer than five nets were set in
the lake at any one time. The nets werse set at the various stations as the
quality of fishing imdicated, and remained at any particular location only
so long as the fishing was good.

Each net in the lake was lifted each day and the £ish removed and
placed in tubs of lake water inside the boat. The net was reset and the
fish taken to the central release station (Figure 1). There the fish were
sorted to species,.measured to fork and total length to the nearest milli-
meter, marked if necessary, and returned to the lake. In marking the fish,
one of the fins was excised at its ‘base 80 that it would not regenerate.
The wounds caused by such marking healed within a week or so leaving &
clean scar. Accurate daily records were kept of all fish taken in the nets.

If any fish caught in the nets was already marked, the length measurements




FIGURE i. LOCATIONS AT WHICH HOOPNETS
DURING STUDIES OF THE FISH POPULATION
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‘were recorded, the mark noted, and the fish returned to the lake. Such
marking continued for each species of fish during each of the six estimates

until it was believed that an adeqﬁate number hed been marked--a period of
from two to five weeks.

In handling the fish for measurements and marking it was necessary
to protect the hands against cuts and abrasions. For such protection it
was found that ordinary canvas work gloves were satisfactorye.

After the nets had remained in the lake for several days they
usually became so dirty that they did not fish efficiently. Accordingly,
each net was removed from the lake whenever necessary and cleaned. The
cleaning wes accomplished by washing the nets with a power spray of hot
water. After drying for several hours or overnight, the nets were reset.

Toward the latter part of each of the netting operations, scale
samples, length measurements, and weights were taken from representative
samples of each species of fish to provide information on the age and
growth and the relationship between length and weight. Age and growth
det‘ermina.‘cions wore made on the s'cale-rea.ding machine at the IVA Fish and

Game Branch headquarters at Norris, Tennessee.

ESTIMATE OF FISH POPULATION

The most satisfactory way to estimate the total fish population of

any body of water is to obtain estimates for the individual species and
then combine those estimates into a totale It is usually not satisfactory
to treat the different species togethei' as a unit because of the extreme
differences in the likelihood of individuals of the different species in

emtering the nets. For instance, it has been shown by Ricker (1948) in




Indiana that the redear sunfish (Lepomis microlophus) is about ten times

as wvulnerable to trapping as the very similar bluegill, while its abund-
ance is only about a fifth that of the bluegill. Calculations will show
that if the data for the two species are treeted as a unit the result would
be lower than the combined individual population estimates.

Another factor to be considered is the selectivity of the gear used,
The description of the gear used in this study indicated that the smaller
individuals of all species could readily pass in and out through the meshes.
From this information it has been determined that this study will embrace
estimates of only those fishes that had attained the following total
lengths in millimeters: bluegill, black crappie, and white crappie - 100;
largemouth bass - 200; carp, goldfish, bullheads, and redhorse - 150.
Although there is good evidence from previous collections of fish from the
lake (Knobf 1950) that the gizzard shad is very abundant, no estimate of
the shad population was made because that species was taken infrequently in
the nets, and it is so delicate that it cannot withstand the handling
necessary for making an estimate,

Using the data at hand, an attempt will be made to estimate only the
numbers of fish that were readily caught in the nets., Such an estimate
will include the majority of the total weight of the species concerned,
There is little need to compare the estimates arrived at by using the
different formulae, and the one derived by Schnabel will be used throughout.

The six semi-annual estimates were handled individually and then
compared as a group. The detailed derivation of the estimate for each

species is given only for those made during the first study, and only the



pigures of the final estimates made during the last five studies will be
used. The details for the six semi-annual netting studies follow:

1, First Fall Estimate - August 31 throﬁgh October 6, 1950. Nets
were set at Stations 1 through 13 for &arying periods of time (Krumholz,

1951a). A total of six nets were fished continuously. All fish caught

through September 17 were marked by excising the left pectoral (LP) fin.

2. First Spring Bstimate - March 21 through April 25, 1951, with
- the exception of two days, April 13 and 15 (Krumholz, 1951b). Six nets were
fished continuously and were located for varying periods of time at Stations
1 through 8, Station 12, and Station llj. All fish caught through April 7
were marked by excising the right pectoral (RP) fin.
3« Second Fall Estimate - September 25 through October 29, 1951
(Krumholz end Miller, 1952). Seven nets were fished continuously during
the period and were set at each of the 1, stations some time or another.
All fish caught were marked by excising the left pelvic or ventral (LV) fin.
The catches of black crappies were so large early in the study that only
those caught through October L were marked. Conversely, inasmuch as only 11
largemouth bass were taken during the entire study, all of them were marked.
L. Second Spring Estimate = March 17 through April 21, 1952 (Miller
and Krumholz, 1952). Seven nets were fished continuously and were rotated
among the 1l stations. All fish were marked by excising the right pelvic
or ventral (RV) fin. Such marking continued for the black crappié through
April 5, for the redhorse through April 9, for the white crappie through
April 10, for the bluegill through April 11, for the bullheads and shad
through April 12, for the carp thfﬁugh April 15, and for the largemouth bass

through the entire period.
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5. Third Fall Estimate - September 22 through October 29, 1952
(¥iller, 1953%a). Seven nets were fished continuously and rotated among the
1}, stations. After two weeks of consistently poor fishing an additional
net was set on October 6 and was reset in a different location every two
days in an effort to find out whether or not the fish were congregating in
any one place. After two weeks of such sampling the additional net was
removed. All ummarked fish taken during the entire study were marked by
excising the left pectoral (LP) fin.

6. Third Spring Estimate - March 16 through April 20, 1953 (Miller,
1953b). Eight nets were used for 2% of the 35 days of the study end only
seven nets for the remaining period. The individual nets werse rotated for
different periods of time between the 1 stations. All fish were marked by
excising the dorsal fin or an adequate part of it at its base. The marking
continued for black crappies through April 10, and for all other species
through April 15,

In all estimates the carp, goldfish, and carp x goldfish hybrids

were considered as one species,

First Fall Estimate, September - October, 1950

A total of 3,356 fish were caught during this study. Of those, 1,992
were marked, and 355 of the marked fish were recaptured,

Bluegills. A total of 1,119 bluegills were examined, 508 were marked
and 70 of the marked fish were recaptured. The estimate of the population,
together with the data on the fish handled, marked, and recaptured, are
given in Table 1. Each of the year classes, 19h46, 19,7, 1948, and 1949,

were represented in the catch.

10




Table 1., Estimste of the size of the bluegill population of
White Osk Lake, Roane County, Tennessee, September 1950

Date 1950

,\
E

Number of fish
examined

Number of fish
marked

()

Number marked
already in

lake

(4B)

products

Sum 6f

Number of
returns
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Sum of
returns

Estimate of
population
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Black crappies. During the netting operations, 760 individuals were

caught, of which 386 were marked and 73 of the marked fish recaptured. The

data for the numbers of fish examined, marked, and recaptured, together

with the estimate of the population are listed in Table 2. From these dats

it is evident that the black crappie is about twice as vulnersble o hoop=-

netting as the bluegill. Even though there were 508 marked bluegills in the

lake as compared with 386 marked black crappies, there were only 70 blue-

gills recaptured whereas 73 black crappies returned to the nets. The final

estimate of the number of black crappies was a little less than half the

number of bluegills. Still, the black crappies, both marked and unmarked,

although fewer in number than the bluegills, were taken with relatively

greater frequency than the bluegills. Among the black crappies the 1946,

1948, and 1949 year classes were represented.

White crappies. Although a total of 98 white crappies were caught,

only 3 of the 51 fish marked during the study were recapbured. Such a small

number of recaptures can hardly be expected to give as reliable an estimate

as a larger one. However, the estimate of 1,200 white crappies may be a

fair indication of their abundance. They were not as abundant as the black

crappies in September 1950, although three year classes, 1947, 1948, and

1949 were represented. The data on the numbers of fish handled, marked,

and recaptured, along with the estimated size of the population are listed

in Table 3,

Largemouth bass. Largemouth bass are notoriously difficult to catch

in hoopnets. Even in populations where bass are known to be plentiful

(Bennett, 1948), the take in hoopnets is limited. In the present study, L9

of the 71 bass caught in the nets were marked, and 16 of the marked fish

12




Table 2. Estimate of the size of the black crappie popu=-
lation of White Oak Lske, Roane County, Tennessee,
September 1950
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9 31 50 179 55L9 19261 1 5 3852
10 52 Lo 209 10868 30129 3 . 8 3766
11 35 35 258 9030 39159 8 L4895
12 Lo 29% 12013 51172 1 9 5686
13 22 20 333 7326  58L98 2 11 5318
1l 8 7 353 202l 60522 1 12 504k
15 6 L 360 2160 62682 2 U Lyt
16 5 L 36, 1820 &4502 1 15 L4300
17 20 18 368 7360 71862 2 17 L227
18 28 386 10108 82670 6 23 3504
15 20 386 7360 90030 I 27 3334
20 61 %286 23546 113576 10 37 3070
21 17 386 6562 120138 2 39 3080
22 10 386 3860 123998 3 L2 2952
23 20 386 7360 131358 2 Ly 2985
o, 36 386 13896 15254 5 Lo 2984
25 L6 386 17756 163010 7 56 2911
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2 5 386 1920 193504 1 65 2804
3 8 386 3088 196592 69 2849
L 3 386 1158 197750 69 2866
5 16 386 6176 203926 2 71 2872
6 12 386 Lé32 208558 2 73 2857




Table 5. Estimate of the size of the white crappie
population of White Oak Lake, Roane County, Tennessee,

September 1950
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Date 1950
Number of fish
marked in lake

examined

(4B)

Product
product

Sum of
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Number of
returns
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Sum of

Estimate of
population

*

3 3
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5 5
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L5
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170
210
3L2
398
608
82l
1125
1273
1321
1370
1370
72
787
8é,
991
1042
1068
1093
1198
1318
1374
1399
1599
1425
1425
1500
1629
1679
1137
1137
1137

*On September 2 the marked fish recaptured in the net
Accordingly it was removed
from the number of fish already marked in the lake.

was accidentally killed.
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were recaptured. Because of its predatory habits, the largemouth bass is
seldom an abundant fish in any pepulation. However, the estimate of 130=140
£ish (about L fish per acre) for this study is lower than expected for this
region. Members of the 1945, 19L6, 1947, 1948, end 1949 year classes were
represented in the catch. The estimate of the population, the numbers of
£ish handled, marked, and recaptui'ed, are listed in Table L.

Barly in March 1950, 200 adult largemouth bass were jaw-tagged and
released in White Oak Lake by personnel of the Fish and Game Braﬁch of the
TVA, who thereby hoped to replenish the population. During the fall netting
operations, only two tagged individuals were caught and one of those was
taken a second time. From this preliminary information it is apparent that
the 1950 planting was not successful. It may be, however, that the fish
spawned and their offspring will appreciably increase the numbers of bass
in the lake.

Carp. The most abundant fish from the standpoint of total weight in
the fish population of White Oak Lake, as shown by this study, is the carp.

It is usually not difficult to trap caerp and the accompanying estimate is

believed to be fairly accurate. A total of 829 carp were caught in the nets,

718 were marked, and L6 were recaptured. The data on which the estimate was
based are listed in Teble 5. Individuals of the 1946, 1947, 1948, and 19L9
year classes were represented in the catch. More carp were marked dufing
this study than any other species. For some unknown reason the catch of
carp was relatively high during the first ten deys of the study and then
fell off ﬁa.rkedly. The reason for the decline is not obvious.

Carp have frequently been accused of crowding out more desirable

food species from lakes in various parts of the counmbtry. The evidence in
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Table L'.o
population of White Oak Lake, Roane County, Temnessee,

September 1950

Estimate of the size of the largemouth bass

Date 1950
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Number of fish
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Table 5. Dstimate of the size of the carp population of
White Oak Lake, Roane County, Tennessee, September 1950

(4B) ()

—~
(s
N

(4)

Date 1950
Number of fish
examined
Number of fish
Number marked
alrsady in
lake

Product
products
Number of
returns
returns
Bstimate of
population

Sum of

: .
W

173 2214, 221l
299 37375 59519
L18 282l 87943
86 23328 111271
53% 10127 121398
550 17600 138998
581 15106 154104
606 31512 185616
655 12Li5 198061
674 7381 20542
68l 8208 213650
696 176 217826
701 2804 220630
705 2115 222745
707 Lal2 226987
711 3555 230542
T 3570 234112
719 2157 236269
719 5752 242021
719 2876 2141897
719 6471 251368
719 6L71 257839
719 50%3 262872
719 7909 270781
718* 5026 275807
718 8618 - 284123
718 215l 286577
718 3590 290167
718 718 290885
718 136 292321
718 718 293039
718 718 293757
718 136 295193
718 718 295911
718 295911
718 W36 297347

125
68
L8
19
32
26
52
19
11
12

6
h
3
6
5
5
3
8
L

—

[ -
HMNORFFNDRKFUIW D N0 \0

no

*On the previous day one of the marked fish caught in the net
was dead. Accordingly it was removed from the number of
marked fish in the lake.
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support of this argument is apparently sound and is largely based on the
ecology of the carp. Belonging to the minnow family, the carp feeds on
any nourishing material that is found along the lake bottom. In feeding,
the water is roiled to a considerable extent and the fishes that feed by
sight, notably the bass, crappies, and bluegills, are automatically placed
under a handicap. Such a roiling of the water has been shown to cause a
deposit of as much as eight inches of silt over areas of the lake bottom
protected from carp (Threinen end Helm, 1954). Furthermore, the carp
attacks the beginning of the food chain thus competing directly with the
§ther fish, but only under conditions to his liking. The carp has also
frequently been accused of uprooting aquatic vegetation and it may be that
the presence of large numbers of carp is one of the primary causes for the
virtual absence of rooted aquatic plants in White Oak Lake.

The carp grows very rapidly, often reaching lengths of 10 inches or
more during the first summer of life, and thus does not provide forage for
the piscivorous species for a very long time. The carp broadcasts its
eggs and spawns over a wide ares, and, although it provides no care for its
eggs or young, the extremely large numbers of eggs deposited virtually
assures the success of the brood. The tremendous amount of activity that
accompanies the spawning act for carp makes spawning for other species in
the area a rather precarious undertaking.

Bullheads. Bullheads are relatively easy to trap and frequently
return to the same net time after time. A total of 306 bullheads were
caught during the study, 167 were marked, and 116 of the marked fish
recaptured. One of the marked fish was recaptured in four different nets

for a total of six times. The estimate of the size of the bullhead
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population, together with the data on the number of fish caught, marked,
and recaptured are listed in Table 6.

Redhorse. The estimate of the size of the redhorse population was
based on the information supplied by the recapture of 31 of 113 fish that
had been marked during the study. A total of 173 redhorse were examined
(Table 7)+ The 1948 year class was the only one represented.

Total fishes. In estimating the total fish population by combining
the data from all species and treating them as a unit, the figure arrived
at is 13,050 individuals. However, as mentioned earlier, such a-procedure
is invalid and tends to give an estimate that is considerably lower than
the additive total obtained by treating the species singly and then combining
the totals. By adding the totals as follows, bluegills - 6,100, black
crappies - 2,850, white crappies - 1,200, largemouth bass = 135, carp =

6,450, bullheads - 250, and redhorse - 375, the more accurate estimate of

the size and composition of the fish population is found to be 17,360.

This latter estimate is approximately one-third (31.9 percent) higher than

the former.

First Spring Estimate, March - April, 1951

During this study, a total of l;,073 fish were caught in the nets.
Of those, 1,88l were marked and 623 of the marked fish were recaptured.
Bluegills. During the course of the study there wers 1,611 blue-

gills caught., Of those fish, 625 were marked and 14O of the marked fish

Were recaptured. From these data it was estimated that there were about

5,600 bluegills of a length greater than four inches in the lake at that

time. As in the catch during the study of the previous fall, each of the



Table 6.

Estimate of the size of the bullhead population
in White Oak Lake,

Roane County, Tennessee, September 1950
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11 L in 153 612 18918 85 223%
12 1 1 157 157 19075 85 225
13 3 2 158 L7l 19549 1 86 227
1 6 L 160 960 20509 2 88 23%
15 16l 20509 88 233
16 5 1 116 820 21329 i 92 232
17 10 2 165 1650 22979 8 100 230
18 7 167 1169 24148 5 105 230
19 5 167 835 2L983 3 108 231
20 3 167 501 2548L 1 109 23l
21 167 25,8l 109 23l
22 2 167 33, 25818 1 110 235
23 167 25818 110 235
2l 3 167 501 26319 2 112 235
25 8 167 1336 27655 2 11 2Lz
26 2 167 33l 27989 11k eh6
27 167 27989 11k 2Li6
28 1 167 1467 28156 11y oh7
29 167 28156 114 2h7
30 167 28156 11 L7
Oct. 1 5 167 835 28991 1 115 252
2 167 28991 115 252
3 167 28991 115 252
L 2 167 33L 29325 1 116 253
5 167 29325 116 253
6 1 167 167 29492 116 25l
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Table 7. BEstimate of the size of the population of red-
horse in White Oak Lake, Roane County, Tennesses, September

1950
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year classes 1946, 1947, 1948, and 19L9 were represented.

The estimete of 5,600 bluegills in the spring of 1951 indicates that
there was a loss in numbers of about 8 percent from the 6,100 fish estimated
%o have been present the previous fall.

Black creppies. A total of 1,462 black crappies were caught during
the study. Approximately half of those individuals (742 f£ish) were marked
and 3h2'of the marked fish were recaptured. Here, again, it is indicated
that the black crappie is about twice as vulnerable to hoopnetting as the
bluegill, Of the 625 marked bluegills in the lake, only 140 (22.4 percent)
were recaptured, whereas of the 7L2 marked black crappies, there were 3,2
(L6.1 percent) recaptured. |

From the data at hand it was estimated that there were about 2,200
black crappies, more than l, inches long, in the population in the spring of
1951. That estimate indicates that there was a loss in numbers of 22.8
percent from the estimeted 2,850 black crappies of the £all of 1950.

An examination of the length frequency distributions of the catches
for the two studies indicates that the over-winter loss was traceable
primarily to the virtual absence of the 19L6 year class in the spring catch.
The disappearance of that year class was partially compensated for by the
increased numbers of the 1950 year class taken during the spring. Only
four individuals of the 1950 year class were caught in the fall, whereas
172 were teken in the spring. Those fish had obviously grown enough during
the winter months to be retained in the nets.

White creppies. There were 3li5 white crappies caught during the

spring of 1951. Of those 31,5 fish, 129 were marked and 100 of the marked

22




fish were recaptured. From these data it was estimated that the spring

population of white crappies in 1951 consisted of‘only about 340 individuals.
A comparison of the estimates from the spring with the preceding fall

indicates that there was a decline of about 70 percent in the numbers of

fish over winter. Here, again, it should be brought to mind that the two

estimates for white crappies may not be reliable because of the meagre data.
In the fall there were only 98 white crappies caught as compared to 345
teken in the spring. Furthermore, there were only three recaptures from 51
marked fish in the fall while in the spring 100 of the 129 marked fish were
recaptured. In the spring of 1951, the ratio of black crappies to white
crappies in the combined catches of the two species was .2 to 1 whereas
that ratio the preceding fall wes 7.8 to 1. It may be that the white
crappie is less vulnerable to hoopnetting in the fall than in the spring,

or it may be that the habits of the two species differ considerably from
one season to another.

Largemouth bass. Only five largemouth bass were taken in the nets
during the spring study. All of those fish were marked and one was
recaptured. No estimate could be made from these data. All of the bass
caught were large, weighing at least two pounds each, and none of the smaller
individuals caught the preceding fall were caught nor were any of the tagged
- fish,

Carp. As in the estimate of the carp population for the full of
- 1950, the carp was the most abundant fish in the lake from the standpoint of
total weight, Although the spring estivate indicated that there were fewer

Carp than bluegills, the individual carp weighed considerably more.
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Only slightly more than half as many carp were caught in the spring
of 1951 as in the fall of 1950. The reason for such a drop in catch is not
obvious. However, the percentage of marked fish recaptured during the
spring (6.6 percent) was almost identical with that of the fall (6.h
percent), and the spring estimate of about 1,830 individuals is believed to
be as reliable as the one made in the fall. There were L82 carp taken in
the nets in the spring of 1951. Of those, 289 were marked and there were 19
recaptures.

The average size of the carp in the spring catch was smaller than
that in the fall. The spring catch consisted primarily of individuals of
the 1948 and 1949 year classes whereas the fall catch was comprised, in a
large part, by members of the 19L46.and 19,7 yeer classes as well. The
difference in the two estimates indicates that there was a loss of about
25 percent in the number of carp in the population over winter.

Bullheads. During this study, 103 bullheads were caught. Of those,
63 were marked and 11 marked fish were recaptured. The estimated popu=~
lation of about 390 bullheads for the spring of 1951 is half sagain as
lerge as the fall estimate. The most apparent reason for such an increase
was the greater relative abundance of small bullheads in the spring catch.
Fish of a lesser length than eight inches made up only about 16 percent of
the fall catch whereas in the spring they made up about 35 percent.

Redhorse. A total of only 65 redhorse were caught in this study.

Of those fish, 21 were marked and 10 of the marked ones were recaptured. The
estimate of about 145 fish based on these data is not reliable. However,

when compared with the estimate of the previous fall there is an indication
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of a loss of about 62 percent of the population.
Total fishes. Addition of the individusl estimates of bluegills -
5,600, black crappies - 2,200, white crappies - 340, carp - 4,830,
bullheads - 390, and redhorse - 145, gives a total of 13,505 fish in the
population exclusive of the largemouth bass. A comparison of ths. two
estimates of the total fish population shows that there wes a loss of
about 3,720 fish during the winter, representing a decrease of 22 percent.
During the winter of 1950-51, there was a heavy mortality of gizzard
shad in White Osk Lake. The fish were of much the same size, from 13 to 15
inches long, and it is believed that the mortality was a natural one. I%

was estimated that several thousand shad died during the winter, and, inas-

much as the fish were of the same size, and primarily of the same age, it is

believed that that particular year class has now virtually disappeared.

Second Fall Estimate, September = October, 1951

A total of 5,767 fish were caught during this study. Of those,
2,109 were marked and &3 of the marked fish were recaptured.

Bluegills. During the five-week period there were 1,902 bluegills
caught, of which 615 were marked and L) marked fish recaptured. From
these data it was estimated that there were about 22,000 bluegills of a
greater length than four inches in the lake at the time. This estimate
represents almost a four-fold increase in the numbers estimated for the
Previous spring, end nearly as great an increase over that of the preceding
fall. The bluegill population consisted primarily of members of the 1948,

1949, and 1950 year classes and the 1946 and 1947 year classes were scarce.




Black crappies. A total of 2,857 black crappies were taken in the
nets during this study. Of those, 1,140 were marked and 467 of the marked
£ish were recaptured. From these data it was estimated that there were
about 5,100 black crappies present that were more than four inches longe.
That estimate represents a greater than two-fold increase over the spring
estimate, and nearly a doubling of the estimated size of the population for
the fall of 1950. Representatives of four year classes, 1948, 19h9, 1950,
and 1951 were present in the catch.

White crappies. There werse 15, white crappies taken in the nets
during the autumn of 1951. Of thoss, ¢l; were marked end 16 of the marked
fish were recaptured. An estimate based on these date indicates that there
were about 450 white crappies in White Oak Lake in October 1951; an increase
of about 17 percent over the estimate of 375 individuals for the preceding
spring. In contrast Yo both the black crappies and bluegills, where there
were increases in the populations from October 1950 to October 1951, there
was o decresse of more than 60 percent from the estimated population of
1,140 white crappies in October 1950.

Laigemouth bass. During this study there were only 11 largemouth
bass taken in the nets. All of those fish were marked and none of them was

recaptured. No estimate of the size of the bass population"was made. None

of the fish taken in this study were tagged fish that had been released in

Merch 1950. Nost of the bass taken in the nets were thin and emaciated. It
may be that the extreme turbidity of the lake water made it virtually
impossible for the bass to obtain enough food to maintain a healthy

population.




Carp. A total of 26 carp were taken during this fall netting
period, 203 were marked, and 12 of the marked fish were recaptured. Aé;ain,
as in the spring catch of 1951, there were only slightly more than half as
many carp caught as in the immediately preceding study. However, the per-

centage of marked fish that were recaptured has remained fairly constant

for all three periods.

The estimate of the number of carp in White Oak Lake in October
1951 was about 2,250 individuals. That estimabe represents a drop of about
L}7 percent from the 4,825 carp estimated to have been present the previous
spring, which in turn represented a decrease of about 25 percent from the
estimated 6,150 individuals present in October 1950.

Bullheads. There were 3,7 bullheads taken in the nets during the
present study. Of those fish, 255 were marked and 5Ly of the marked fish
were recaptured. The size of the bullhead population was estimated to be
about 875 fish. That estimate represents & more than two~-fold increase
over the estimated 390 individuals of the preceding spring study, and a
three-and-one-~half-fold increase over the estimate of the preceding fall.

Redhorse. During this study there were 133 redhorse caught in the
nets, of which éli were marked, and 51 marked fish recaptured. It was
. estimated that there were about 115 individuals present in the redhorse
population; an indication that there has been a rather steady decline in
the size of the population since the first estimate was made in October
1950, |
A total of 99 gizzard shad were taken in the nets. Of those, 57
Were marked and reburned to the lake and 2 of the marked fish were

recaptured. No estimate of the size of the shad population was made.
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Potal fishes. The estimate of the total size of the fish population
arrived at by adding the individual estimates follows: bluegills - 22,000;
black crappies -~ 5,100; white crappies - L,50; largemouth bass - no estimate;
carp - 2,550; bullheads - 875; redhorse = 115; total population - 31,090

fishes large enough to be retained by the nets.

Second Spring Estimate, March - April, 1952

During this study, a total of 5,635 fish were caught in the nets.
Of those 2,953 were marked and released, and 1,566 marked fish were

recaptured.

Bluegills. During the five-week period, 1,697 bluegills were taken

in the nets, 1,050 were merked, and 176 marked fish were recaptured. From
these data it was estimated that there were about 6,500 bluegills present
at the time the estimete was made. This estimate represents a decrease to
less then one-third of the 22,000 bluegills estimated to have been present
jn October 1951. However, it represents an increase over the 5,600
individuals estimated to have been there in May 1951.

Black crappies. A total of 3,353 black crappies were caught, 1 ,1166
were marked, and 1,307 merked fish were recaptured. Here, as in the three
previous studies, it is apparent that black crappies are considerably more
vulnerable to hoopnetting than are the bluegills. 1t was estimated that
there were about 2,700 black crappies present in the lake at the time of
this study. This estimate represents a drop in the size of the population
to sbout half of that for the preceding fall., However, it indicates an
increase of about 25 percent over the 2,200 black crappies estimated to

have been present in May 1951.




White crappies. There were only 65 white crappies caught during the
study. Of those,35 were marked and 29 of the marked fish recaptured. An
analysis of these data indicated that there were only about 50 white crappies
in the lake in May 1952, a decided decresse from any preceding estimate.

Largemouth bass. During the study only 15 largemouth bass were
caught, all were marked, and 3 of the marked fish were recaptured. No
estimate of the size of the bass ?opulation wes made. The bass taken this
spring were in better condition than those caught the preceding October.
Perhaps that change in condition was due to the relative clearness of the
water of the lake during the half year immediately preceding the study
which allowed the bass a better opportunity for feeding. |

Carp. A total of 167 carp were caught, 146 were marked, but only 4
of the marked fish were recaptured. Similarly as in the autumn of 1951,
there were only slightly more than half as many carp caught as during the
sbudy immediately preceding. However, the percentage of marked fish recap-
tured fell off markedly. From these rather meagre data, it was estimated
that there were about 3,100 carp present during the study. That figure
represents an increase of about 20 percent over the estimated 2,550 for the

autumn of 1951, but also represents a decrease of more than 25 percent from

the 4,825 individuals estimated to have been present in May 1951.

Bullheads. There were 98 bullheads caught, 70 were marked, and 12

of the marked fish were recaptured. The size of the bullhead population

was estimated to be about 350 fish, a decrease to less than half the number

- figured to have been present in October 1951. However, it represents only

& slight decrease from the 390 individuals present in May 1951.



Redhorse. During this study there were 73 redhorse taken in the
nets. Of those, ;3 were marked and 29 of the marked fish were recaptured.
It was estimated that there were sbout 75 redhorse in the lake in May 1952.

A total of 167 shad, of which 128 were marked and released, and 6 of
the marked fish recaptured, were handled during the study. No estimate of
the size of the population was made.

Total fishes. The estimate of the total fish population obtained by
adding the individual estimates follows: bluegills - 6,500; black crappies
- 2,700; white crappies = 50; largemouth bass - no estimate; carp - 3,100;

bullheads - 350; redhorse = 75; total fish population - 12,275 individuals.

Third Fall Estimate, September = October, 1952

During this study a total of only 1,611 fish were taken in the nets.
Of those, 1453% were marked and released and 115 of the marked fish were
recaptured. The total catch was about 72 percent lower than that for the
spring of 1952. There is no apparent reason for the catch being so low.
The catches during the four preceding studies were usually large enocugh to
serve as bases for estimebting the size of the populations. DNo catastrophes
to the fish population as a whole or to any segment of it were noticed at
any time and it was assumed that the fish were present. For some reason,
however, they avoided the nets. It may be that the protracted period of
intense heat and drought affected the movements of the fish. Aiso, it may
be that the lake became overpopulated with stunted fish too small to be
held by the nets. Even so, it is expected that many of the larger fish
present the previous spring would still be available,

Bluegills. During the 37-day netting period, only 336 bluegills

were teken in the nets. Of those, 322 were marked and returned to the lake

but no marked fish were recaptured. Thus, no estimate could be made.
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Black crappies. A total of 935 black crappies were caught, 841
were marked and released, and 77 of the marked fish werse recaptured. It
was estimated that 5,075 black crappies large enough to be held in the
nets were present. That estimete represents approximately a 50 percent
increase over the immediately preceding spring estimate, and was almost
identical with the estimate for the autum of 1951,

White crappies. There were only three white crappies caught during
this study end no estimate of the size of the population was mades The
small catch corroborates the belief that this species was gradually dis-
appearing from the lake. However, the small take was in line with the
decreased catches for other species,

Largemouth bass. Only six largemouth bass were caught during this

study. This number, too, corresponds with the overall decrease in catch.

However, sufficient numbers of bass on which to base an estimate have not
been taken during any study since the first one.

Carp. Inasmuch as only 31 carp were caught and marked, and no marked
fish were recaptured, no estimate of the population was made.

Bullheads. There were 155 bullheads taken in the nets during this
study, 13l were marked, and 21 marked bullheads were recaptured. The siz.e
of the bullhead population was estimated to be 490 fish, an incresse of
about LO percent over the immediately preceding estimate, and a decrease of
Ll percent from the estimate for the autumn of 1951,

Redhorse. Of the 5l redhorse caught, 36 were marked, and 16 marked
fish were recaptured. It was estimated that there were about 55 redhorse
Present at the time. This lends credence to the previous assumption that

this species was gradually and steadily disappearing from the lake.

31




A totel of 9% gizzard shad, of which 80 were marked and one marked

fish recaptured, were handled during the study. No estimate of the size of

the population was made.
Potal fishes. The lack of information on two species of fish of
primary importance to the overall population, bluegills and carp, precludes

an estimate of the size and composition of the total fish population.

Third Spring Estimate, March - April 1953

A total of 2,777 f£ish were caught in the nets during this study. Of
those fish, 1,83l were marked and returned to the lake and 52 of the marked
fish were recaptured. Although that total is considerably greater than that
for the fall study in 1952, it was not as large as any of the first four

studies in the series.
Bluegills. During this study only 707 bluegills were taken in the

nets. Of those, 622 were merked and Lj8 of the marked fish were recaptured.

From these date it was estimated that there were about 1}, 750 bluegills in
the population. That estimate represents a decrease of about 25 percent

from the 6,500 individuals of the preceding spring.

Black crappies. A total of 1,409 black crappies were caught, 833

were marked, and 11 of the marked fish were recaptured. It was estimated

that there were about 1,800 black crappies in the population large enough

to be held by the nets; a greater decrease from the estimated 5,075 fish

present the previous fall than could reasonably be attributed to normsl

over=-winter losse.

White crappies. Only 15 white crappies were caught, 6 were marked,

and 9 marked fish were recaptured. From these data it was estimated that



the entire population of white crappies consisted of the & fish caught
and marked. This estimate further corroborates the previous statement that
this species is disappearing from the lake.

Largemouth bass. Only l; individuals were caught and marked and none
was recaptured. No estimate of the size of the bass population was made,

Carp. A total of 289 carp were taken in the nets during this study,
of which 16 were marked and 15 marked fish recaptured. It was estimated
that there were about 1,700 carp present in the lake. However, that
estimate is believed to be inaccurate, During the netting operations, an
infection of near epidemic proportions was present in the carp population.
The infection caused the formation of large ulcerous lesions that involved
the scales, skin, flesh, and, in some instances, the viscera. During the
study, more then one=fourth of the carp taken in the nets were dead and
most of the fish handled were infected. If the sempling of the population
were representative, the epidemic would have decimated s large part of the
population.

Bullheads. During the study 62 bullheads were caught, L7 were
merked, and 10 of the marked fish recaptured. From these data it was
estimated that there were about 160 individuals present in the lake.

Redhorse. Only 51 redhorse were caught, 23 were marked and re-
leased, and 26 marked fish were recaptured. From these data it was

estimated that the entire population of redhorse in the lake consisted of

the 23 new fish that were marked during the study. The steady decline in

numbers, with no apparent recruitment, is evidence of the ultimate dis-
appearance of this species from the population,
During this study 231 gizzard shad were taken in the nets. This

Dumber is greater than the combined total for all of the previous studies.
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Of those fish, 153 were marked and released and 5 of the marked fish were
'% recaptured. No estimate of the size of the shad population was made.

Total fishes. As during the previous study, the estimate of the
size of the carp population is not considered reliable. Thus any estimate
of the size and composition of the total fish population of the lake would
be in error.

From the data on length frequencies and length-weight relationship
gathered during the six semi-annual netting studies, along with information
on which to base the estimated size and composition of the fish population,
estimates were made of the total weights for each species and the population

as a whole as indicated in Table 8.

Rotenone Study, April 1953
Immediately following the completion of the last semi~annual study

‘for estimating the size and composition of the fish population of White ,

Osk Lake, the lake was partially drained in preparation for treating it
with rotenone. The use of that plant alkeloid in the eradication of fish
pooulations has been adequately described elsewhere by Krumholz (19L8) and

others. By killing and recovering all the fish in the lake, an accurate

appraisal of the validity of the netting estimates could be made. In
additioh, the deta would serve as an indication of the total productivity

of the lake for fish.

On April 27, parts of White Oak Creek and lMelton Branch, and the
whole of White Oak Lake were treated with a total of 25 gallons of

emlsifieble rotenone (5 percent) with the assistance of persomnel of the
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A

Tennessee Valley Authority, Pish and Geme Branch from Norris and Paris,

Termessee. As the fish died, many of them remained at the surface, where

they were picked up and carried %o the dock. There, they were sorted to

species and examined for marks from the netting studies. Also, scale
samples, weights, and length measurements were taken from representative
samples of each species; However, the majority of the fish sank to the
bottom of the lake and did not rise to the surface until they became
bloated. In that condition they were unfit for use in supplying accuratce

data on lengths and weights (Krumholz, 1951).

Assuming that all fish marked during the netting study completed in
April 1953 were still in the lake, the recovery of those morked fish would

furnish an indication of the completeness of the overall recovery of dead

fish,

All fish‘that could be recovered were picked up each day for the
ensuing week and these, too, were sorted, inspected for marks, and counted.
By Hay 2, the fish remaining in the lake were at such an advanced stage of

decomposition that they could not be handled easily. Accordingly, the lake

level was lowered leaving the dead fish lying along the beach well above

the water's edge. Under such conditions they were more readily examined

for marks, and grouped according to species and lengths. All fish that were
picked up were buried in an excavation well away from the shoreline on the
north side of the lake.

During the period wheﬁ the fish were being recovered, a large number
of birds, particularly turkey vultures, along with smaller numbers of black
vultures, great blue herons, kingfishers, green heromns, and others were

seen eating fish. The number of fish consumed by such birds is unknown.
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In addition, it is known that raccoons visited the area each nighf and ate
some of the dead fishe. Perhaps other animals as well took advantage of
the readily available food.

A total of 255,261 fish were hendled during the study. The species

composition of that total, along with the weight for each species follows:

Kind of fish Numbsr TWeight, pounds

Gizzard shad 210,938 13,893
Bluegills 30,81, 757
Carp . 8,6'72 7,536
Black crappies 3,398 277
Bullheads 768
Largemouth bass L8
Redhorse 23

Total 255,261

No white crappies were recoversd during the rotenone s‘cud;;ri.‘ _

Of the 1,681 fish, exclusive of the gizzard shad and white crappies,
marked _during the netting study in April 1953, the following were

recovered:




e e e
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Number Number Percentage

Kind of fish marked recovered recoversd

Bluegills 622 hi2 6642

Carp 1,6 3 2.1

Black crappies 833 532 63.9

Bullheads L7 33 70.2 5
Largemouth bass L L 100.0
Redhorse 23 17 7%.9

Total 1,681 1,001

No attempt was made to check each of the gizzard shad for marks

because of the tremendous numbers involved. The small number of marked

carp recovered was not considered as an accurate indication of the actual

recovery of that species from the lake inasmuch as most of the individuals
of that species marked during the netting period were infected and some
of them may have died before the rotenone study. Such a mortality among
the infected fish was probably not the same as that for the remainder of
the population. The numbers of marked bluegills, black crappies, large=-
mouth bass, bullheads,‘and redhorse that were recovered were believed to
accurately indicate the completeness of the recovery of marked fish from
the leke for those species; Inasmuch as no shad were examined for marks,
and the number of marked carp recovered was not indicative of the complete-
ness of the recovery, and considering the data on fhe recovery of the
marked fish of other species, it was assumed that the recovery of shad and
carp was about 65 percent complete.

Thus, if each of the figures for the number and weight of each

species of fish from White Oak Lake were multiplied by an appropriate
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factor to compensate for the incomplete recovery of marked fish, the
estimated size of the fish population would be increased to the following'

values:

Kind of fish Number Weight, pounds

Gizzard shad 32l,123 21,367
Bluegills 46,560 1,14
Carp 13,645 11,590
Black crappies 5,318 L3k

Bullheads 1,00 3h2

Largemouth bass LL8 Lé5

Redhorse 31 78

Total 391: 519 35:&20

The area of White Oak Lake, when fi_lled to the 7L8=foot contour
level, which was the most stable level maintained during the overall
study, is 35.87 acres. Thus the actual number of fish recovered from the
lake was 7,116 fish per acre which Weighed@é‘pounds, and the estimated
total, based on the recovery of marked fish, was 10,915 fish per acre that
weighed 987.5 pounds. The individual estimates of numbers and weights of

fish per acre in the lake at the time it was treated with rotenone are;




Kind of fish Weight, pounds

Gizzard shad 595.7
Bluegills 31.9
Carp 323.1
Black crappies 1,8 12.1
Bullheads 30 9¢5
Largemouth bass 12 13.0
Redhorse 1 2.2

Total 10,915 98745

Although the data listed above jndicate the total numbers and weights
of fish prqsent in White Oak Lake in April 1953, they include fishes of all
sizes. BEarlier in the report, it was mentioned that the gear used in the
netting studies were selective for size inasmuch as the meshes were large
enough to allow the smaller fishes to escape. The numbers end weights of

fishes large enough to be retained by the nets and small enough to escape

through the meshes, together with their respective totals are:

Number Weight, pounds
Kind of fish Large Small Large Small

Gizzard shad 1,427 322,996 830.5 20,5364.5

Bluegills 25,738 20,822 956.5 187.5

Carp 13,645 11,950.0 -

-

Black crappies 2,334 —396.1 3749

Bullheads a2 325.5 16.5

Lergemouth bass 305 - L4B5.7 9.3

Redhofse 31 78.0 -

Total Lh,122 3’-!-79597 11,6323 20,787.7
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From these data it is evident that the fish small enough to pass in
and out through the meshes of the nets during the populaticn studies made
up the great majority (88.73 percent) of the total number recovered during
the rotenone study. EHowever, those small fish contributed only slightly
more than half (58.69 percent) of the total recovered weight. FKere, it
should be pointed out that the gizzard shad were not included in any of the
estimates of the population made by netting and their total numbers
recovered in the rotenone study consisted primsrily of members of the 1952
brood (99.56 percent) which were too small to be held in the nets. Further=
more, the shad made up 92.98 percent of the numbers and 98.79 percent of the

total weight of the small fish recovered in the rotenone study. Thus, if

only the other six species of fish are considered, an analysis of the data

indicates that nearly two=-thirds (63.63 percent) of all of the dead fish
recovered wers large enough to have been held in the nets, and those fish
made up 98.21 percent of the total weight,

Of the total fish recovered during the rotenone study, only 11.27
percent were large enough to have been retained by the nets and those fish

made up L1.31 percent of the total recovered weight.

AGE AND GROWTH OF FISH
The age and growth of the fishes of the various year classes
generally reflect the well-being of the population and the ability of the
different species to maintain themselves. One of the accepﬁed methods for
determining the age of a fish, its length at the end of each year of life,
and its growth from year %o year involves a study of the scales. This

method-=known as the scale method--has been in use for many years and has




been adequately described by van Oosten (1923, 1929) and others. Briefly,
the scale method is based on two principles:(1l) each year an annulus or year
merk is laid down on the scale surfece, usually during the late winter or
early spring, and (2) the number of scales on any fish remains constant
throughout life and each scale increases in size proportional to the growth
of the fish. Hence, there is a direct relationship between the size of the
scale and its surface configurations and the length of the fish. The age of
the fish is determined by counting the annuli, and the length of the fish at
the time any annulus wes formed by measuring the distance from the center of
the scale through the anterior radius to the annulus in question and solving
the following egquation:

Anterior radius to annulus of year X _ Length of fish at end of year X
Total anterior radius of scale = TLength of fish when captured

Here, the length of the fish at the end of year X is the only unknown.

The distribution of the various length frequencies for any species
of fish is usually of considerable value in determining the age composition
of the entire population of that species. In this instance, the different
modes in the length fregquency curve may indicate the presence of year
classes. Such distribution curves are particularly useful in analyzing

‘the growth pattern for rapidly growing species. However, the data for

length frequency distribution alone are oftentimes insufficient and the

scale method must be resorted to for verificatione.

Scale Readings
During the course of the survey, a total of 1,896 samples of fish

scales were read and analyzed for information on age and growthe. Those
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samples were collected during the netting and rotenone studies, along with

sﬁmples from all fish that were dissected in the laboratory. Bach of the

seven species of fish bearing scales that were large enough to be caught in
the nets were represented as follows: black crappies - 765, bluegills - 591,
gizzard shad ~ 188, white crappies - 108, largemouth bass - 92, carp = 78,
and redhorse - 7&. Bullheads do not have scales. The data for sach species
will be considered separately.

Black crappies. The calculated lengths attained by the black

crappies of different ages at the time of annmulus formstion, are listed in
Table 9. Here, it is evident that there was an apparent decrease in the
calculated growth as it was determined from successively older groups of
individuals (Lee's phenomenon). One of the possible explanations for this
phenomenon among ciscoes (Leucicthys) given by Hile (1936) was that the
more slowly growing fish survived longer than the more rapidly growing
individuals. Thus, the early growth as calculated from the slow growing
survivors of the older age groups would naturally be small. In fish dis-
playing only one amnulus, the avefage total length was 90.5 millimeters,
whereas in those with two, three, and four annuli, the average lengths were
82.2, 81.2, and 80.0 millimeters, respectively. The same phenomenon is
generally true for fish having two or more annuli. It must be remembéfed,
however, that those fish having one ammulus were not necessarily all members
of the same year class, as one-year-old fish were caught during each of the
sampling periods. Thus, the data are a composite of all year classes of
black crappies in the lake at the time when they had only one annulus. The

Same holds true for the other groups.




Table 9. Average total lengths, together
with minima and maxima, at the time of
annulus formation of black crappies of
different ages, calculated from scale read-
ings, White Oak Lake, Roane County, Tennessee,
1950-1953

Number of annuli

1 2 : Ly
One Ammulus
Minimum L9
Average 90.5
Maximum 143
Two Annuli
Minimum %5 100
Average 82.2 160.8
Maximum | 136 211
Three Annuli
Minimum Ll 126 17
Average 81.2 141.9 193.4
Maximum 108 203 251
Four Annuli
Minimum 79 111 231 291
Average 80,0 126.0 238.0 303.0

Maximum 81 11 2L5 315




The actual measured lengths of the different year classes of black
crappies collected during the six sampling periods, that were predominant
in the lake during the survey, are listed in Table 10, An analysis of
these data indicates that the fish of the 1951 year class were larger, on
the average, at the end of their first summer of life (Fall 1951) than
those of either the 1950 or 1952 year classes. In addition, that same
group had a greater average length at the end of their second summer of
life (Fall 1952) than those of the 1949, 1950, or 1952 year classes. This
rapid growth of the 1951 year class is readily explained by the fact that
the size of the 1951 brood was considerably smaller then any other brood of
black crappies hatched during the survey. In contrast, the 1952 brood was
the most abundant year class observed during the survey, and consequently
was of the smallest average size at the end of their first summer of lifs.
Thus, it is apparent that the size of any brood is one of the principal
factors that controls the growth of the individual members of the brood.

It is also evident from the data that the fish grew during the
winter months. There was a definite increase in each of the minimum,
average, and meximum total lengths from all of the fall samples to those
of the spring immediately follewing.

The maximum age of any of the black crappies taken during the survey
was four years. Fish of that age were represented only in the 19,6 and
1948 year classes., Only nine such individuals were observed; two in
October 1650, six in-the spring of 1951, and one the following spring.

No such fish were taken thereafter during the netting studies or the

-rotenone study. Thus, of the 1,128 black crappies handled during the

entire survey, only 0,06 percent had reached the age of four yesrs.
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Teble 10. Average measured total lengths, together with minima
and maxima, at the time of collection, of black crappies of the
different year classes, White Oak Lake, Roane County, Tennessee,

1950-1953

Collection Period

Fall Spring Fall Spring Fall Spring
1950 1951 1951 1952 1952 1953

1949 Year Class
Minimum 131 17 178 189 194 198
(1522 158.1 195.0 199.8 205.6 21040
_ 178 212 016 235 235

Average
Maximum 175

1950 Year Class

Minimum 96 103 151 152 176 179
Average @ 111.2 @ 17h.9 193.9 195.5
Maximum 111 117 257 228

1951 Year Class

Minimum
Average ' v

Maximum

1952 Year Class

M nimum
Average

Maximum




Tn o study of the age and growth of the black crappies in Norris
Reservoir, Tennessee, based on 677 specimens captured by various methods,
Stroud (1948) found thet L7 individuals were four years old and ome had
reached an age of five years. It was further staﬁed (Stroud, op. cit.)
that 18.6 percent of a sample of 19l black crappies caught by anglers from
the same body of water were four-year-olds. If the data from White Oak
Leke were rearranged to include only those fish large enough to be of
interest to anglers (seven inches), it is found that only nine of 1,870
individuals (0.18 percent) reached an age of four years.

Infprmation on the age and growth of black crappies from Cherokee
and Douglas Reservoirs, Tennessee, and Hiwasses Reservoir, North Carolina,
(Stroud, 1948) indicates that the life span for that species in those
waters was about the same as for Norris.

The black crappies in White Oak Lake grew more slowly on the

average, with the possible exception of the first year, than in any of

the nearby waters of the Tennessee Valley Authority as indicated by The

following data:

Averace lengths at end of year
Body of water 1 2 3 L

White Qak Leke 3.6 6.3 7.6 11.9

Norris Reservoir 2.5 9.2 11.5 12.7

Hiwassee Reservoir 2.9 Te5 10.2 11.5

From these data it is apparent that the black crappies grow more

slowly and their life span is considerably shorter, perhaps by as much as

25 or 30 percent, than in some larger bodies of water nearby.




Bluegills. The average total lengths, together with the minima and
maxima, of bluegills of different ages, calculated from scale readings, are
1isted in Table 11. These data indicate that the same phenomena of age and

growth are present for the bluegills as were found among the black crappies.,

Here, again, it is apparent that the slowly growing fish lived longer than

the others. Fish having only one anmulus had an average total length of

. 12,0 millimeters, whereas those with two, three, four, and five annuli were

29,0, 36.3, 28.L, and 28.1 millimeters long respectively. Similar trends
are evident among the older fish with the single exception of the five-year=-
old fish at the time of the formation of the fourth annulus. The reason
for this discrepancy is not obvious.

Although only limited data ere available from Chickamauga Reservoir,
and none from the other waters, the bluegills apparently grow more slowly

in White Oak Lake as indicated by the following figures:

Averare lengths at end of year

Body of water 1 2 3 L 5

White Oak Lake 1.7 3.6 5.0 5.5 6.6

Chickamauge Reservoir 2,0 1.8 5¢5

The actual lengths of the individuals of the various year classes
at the time of capbture, together with the minimum and meximum lengths in
the size range for each of the six semi-annual periods are listed in
Table 12. Here, too, as among the black crappies, it is evident that the
bluegills grew during the winter months. The meximum age of any bluegill
taken during the survey was five yearse. Unforﬁunately, there are no
published data on the age and growth of bluegills for any of the Tennessee

Valley waters except those listed .above.
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o
Table 11. Average total lengths, together with
minima and mexima, at the time 8f annulus formation
of bluegills of different ages, calculated from
scale readings, White Osk Lake, Roane County,
Ternessee, 1950-1953

Number of annuli

2 3 L

One Annulus
Minimum
Average

Vaximum

Two Anmuli
Minimum
Average
Maximum

Three Armmuli

Minimum

Average
Maxximum
Four Annuli
Minimum
Averege
Maximum

Five Ammuli

Minimum

Average

Maximum




Table 12. Average measured total lengths, together with minima
and maxime, at the time of collection, of bluegills of the
different year classes, White Oak Leke, Roane County, Tenmesses,

1950-1953

Collection Pericd

Spring Fall Spring Fall
1951 1951 1952 1952

197 Year Class

Minimum U7
Average
Maximum

19,8 Year Class

Minimum
Average

Maximum

1949 Year Class

Minimum
Average
Maximum

1950 Year Class

Minimum
Average
Maximum

1951 Year Class

Minimum
Average

Maximum




White crappies. The white crappie, slthough closely related to the

black crappie, grew more slowly than the latter throughout the survey.
Nearly all of the data on the age and growth of the white crappie were
gathered during the first two semi-annual netting studies. The average
calculated lengths of the white crappies of different ages, based on scale
readings, #long with the minimum and maximum measurements to indicate the
range in length, are listed in Table 13. No minima or maxima are listed
for the single fish with four ennuli. The maximum age of any white crappie
taken during the study was four years.

In Douglas and Cherokee Reservoirs, Stroud (1949) found that the
white crappie grew faster than the black crappie, whereas the growth of
the white crappie was about the same as that of the black crappie in Norris.
In White Oak Lake, the rate of growth of the white crappie was slower than
in any of the nearby reservoirs, for all years of life except the first,

as shown by the following data:

Average lengths at end of year

Body of water 1 2 3

White Oak Lake 3 Sely 6.9
Cherokee Reservoir 1.5 8.7 11.6
Douglas Reservoir 2.9 Te3 9.2
Hiwassee Reservoir 2. 6.8 9.5

Chickameuga Reservoir 2.y , 5.6 8.0

Largemouth bass. Most of the samples of scales from largemouth

‘bass were taken during the fall of 1950 and the spring of 1953%; only very
8w being caught during the intervening netting periods. The average

otal lengths for largemouth bass, together with the minime and maxima,
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Table 13, Average total lengths, together
with minime and mexima, at the time of
annulus formation of white crappies of
different ages, celculated from scale
readings, White Oak Lake, Roane County,
Tennessee, 1950~1953

Number of annuli

= 3

One Annmulus
Minimum
Average

- Yeaximum
Two Annuli
Minimum
Average
Maximum

Three Annuli

Minimum

Average

Maximum

Four Anmuli

Minimum
Average

Maximm




calculated from scale readings, are listed in Table 1L. S:imilar growth

phenomene. as those described for the black crappie are again in evidence,

In his study of the growth of the largemouth bass in Norris Lake,

Stroud (1948) stated "... it is probable that & larce proportion of Norris
p g

largemouth die of 'old aze! before reaching the age of 5 years, although a

few live as long as 7 years or even longer." Of 7.8 largemouth bass of

all sizes studied by Stroud, he found 50 individuals (6.l percent) that
were five years old or older. In the present study, where scales from

a highly selected group of 92 bass of all sizes were analyzed, there were

no fish that were more than five years old, and only six (6.5 percent)

that had reached that age. Here, again, there is evidence that the life
span of the largemouth bass in White Oak Lake is shorter than it is in one
of the nearby TVA reservoirs.

A comparison of the growth of the largemouth bass in White Cak Lake
with that in one of the nearby reservoirs indicates that the species grows

more slowly in White Oak Lake as shown by the following data:

Average lengtns at end of year
Body of water 1 2 2 L 5 6

White COak Lake Ls0 9.3 13.0 16.0 16.9

Norris Reservoir 609 12.2 l)-].oé 1602 1705 1905

Carp. The average calculated total lengths, together with the

minime and mexime to indicate the size range, of carp of different ages,

based on scale readings, are listed in Table 15, Lee's phenomenon as
described for the black crappies is not so clearly defined among the carp,

®Specially in the one-year-old fish. The oldest carp among the scale




Table 1l;. Average total lengths, together with
minima and mexims, at the time of amnulus formation
of largemouth bass of different ages, calculated
from scale readings, White Oak Lake, Roane County,

Tennessee, 1950-1953

Number of annuli

1 2 3 N

One Anmulus

Minimum

Average

Maximum

Two Annuli

Minimum

Average

Maximun

Three Anmuli

Minimum

Average

Maximum

Four Annuli

Minimum

Average
Meximum 103 341 438 Lsh
Five Amuli
Mi nd mum 32 103 237 304 383

Average 50.8 159.7 293%.3 372.0 L29.2
Meximum 75 23L 370 L27  L53




Table 15. Average total lengths, together with
minima and mexima, at the time of annulus formetion
of carp of different ages, calculated from scale
readings, White Oak Leke, Roane County, Tennessee,

1950-1953

Number of annuli

1 2 3 L 5

One Annulus

Minimum 71
Average 123.9
Maximum 173

Two Annuli

Minimum 28 119

Average 90.6 175.7
Maxcimum 151 208

Three Annuli

1 nii mum 30 115 140
Average 93.2 162,1 226.7
Maximum W, 228 300

Four Annuli

Minimum 32 97 153 170
Average 98.6 157.6 231.2 244.0
Maximum 169 239 351 13

Five Annuli

Minimum L5 90 126 187 213
Average 52,5 95.0 127.0 189.5 213.5

Maximum 60 100 128 192 21




samples studied was in its sixth year of life (five annuli). However,
there were fish that were considerably larger than the five~-year-olds
recovered during the rotenone study. The scales of those fish could not
be read with certainty.

Redhorse. The growth phenomena described for the black crappie
are manifest in the data for the redhorse (Table 16). Although these data
indicate the presence of fish of three different ages, the majority of
them belonged to the same year class (1949) and scale semples were taken
from them during the successive netting studies. The growth rate for the
redhorse was rapid during the first two years and slowed down thereafter.
The oldest redhorse recorded during the survey were members of the 1949
year class which were beginning their fifth year of life when killed in
April 1953.

Gizzard shad. The calculated minimum, average, and maximum total

lengths of gizzard shad of different ages, based on scale readings, are
listed in Table 17. In overall length attained, the shad was the fastest
growing species in the leke; the one-year-olds having reached an average
total length of 9.5 inches by the time they formed their first anmuli. The
meximum life span of the gizzard shad in White Oak Laeke appear to be between
three and four years. An examination of scales from a few shad which died

during the mortality in the winter of 1950-1951, indicated that those fish

were in their fourth year of life (three annuli). The oldest fish taken

during the netting and rotenone studies was also shown by scale readings

to have been in its fourth year of life.




Table 16. Average total lengths, together
with minima and maxime, at the time of
annulus formatlon of redhorse of different
ages, calculated from scale readings, White
Oak Lake, Roane County, Temmessee, 1950-1953

Number of annuli

2 3

One Annulus

Minimum No fish teken
Average No fish taken
Maximum No fish taken
Two Anmuli

Minimunm

Average

Maximum

Three Annuli

M3 ni mam
Average

Maximum

Four Annuli

Winimam 22 289
Average 277.0 325,6

Maximum 32 374




Table 17. Average total lengths,
together with minime and maxima, ab
the time of annulus formation of
gizzard shad of different ages, cal=-
culated from scale readings, White
Oak leke, Roane County, Tennessee,

1950-1953

Number of annuli

1 2 3
One Annulus
Hinimum 186
Average 21,0.8
Maximum 291
Two Annuli
Minimum 169  2h2
Average | 225.5 293.L
¥aximum 276 33l
Three Amnuli
Hinimum 138 216 269
Average 17L.0 2L2,0 291.5

Haxirmum 208 268 31l




Length-frequency Distribution

All fish caught during the netting studies were measured to total
length to the nearest millimeter. In assembling the data for length
frequencies, the lengths were placed in either half-inch or quarter=-inch
groups. Bach quarter-inch group included measurements on those fish whose
lengths were between one-eighth inch smaller and one-eighth inch larger
than the quarter-inch around which the group was centered. Similarly, the
half=-inch groups included those measurements in the range from one=-fourth
inch smaller to one-fourth inch larger than the half-inch which served as
a center for the group. Such fractional measurements of inches as were
necessary were made to the nearest millimeter. Thus, the quarter-inch

group for five inches (127 millimeters) included those measurements between .

1%§§an 150 millimeters inclusive, whereas the half-inch group for five

inches included those lengbths between 121 and 133 millimeters inclusive.
The data for the bluegills, black crappies, and white crappies were
assembled into quarter-inch groups, and those for the other five species
into helf=-inch groups. In the cases of the black crappies, bluegills, carp,
and bullheads, there wére sufficient data on which to base percentage fre-
quencies of the different size groups for graphic presentation as illustrated
in Figures 2, 3, L, and 5 respectively. The data for the white crappies,
largemouth bass, redhorse, and gizzard shgd'were inadequate for such treat=
ment and the numbers of those fish measured during the survey are listed
in Tables 18, 19, 20, and 21 respectively.
In the length-frequency histograms for the black crappies and blue-
gills, the figures that correspond to the various year classes have been

inserted above the appropriate length for each sampling period. These data
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Table 18. Numbers of white crappies, arranged according to total
length in quarter-inch groups, measured during the six semi-annual
studies for estimating the size and composition of the fish popu-
1ation of White Osk Lake, Roane County, Tennessese, 1950-1953,

together with similar data from the rotenone study, April 1953

Size Fall Spring Fall Spring Fall Spring Rotenone

group 1950 1951 1951 1952 1952 1953 1953
(inches) Nudber Number Number Number Number Number Number

L.25
1150
L.75
5.00
525
5.50
575
6.00
6.25
6450
6.75
7.00
725
750
775
8.00
8+25
8.50
875
9.00
9.25
9.50
9.75
10.00
1025
10.50
10.75
11.00
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Table 19, Numbers of largemouth bass, arranged according to total
length in half-inch groups, measured during the six semi-anmal
studies for estimating the size and composition of the fish popula=-
tion of White Oek Lake, Roane County, Tennessee, 1950-1953%, together
with similar data from the rotencne study, April 1953

Size Fall Spring Fall Spring Fall Spring Rotenone

group 1950 1951 1951 1952 1952 1953 1953
(inches) Number Number Number Number MNumber Number  Number
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Table 20.

R AR AR T

Wumbers of redhorse, arranged according to Total length
in half-inch groups, measured cduring the six semi-annual studies for »
estimating the size and composition of the fish population of ‘hite
Oak Lake, Roarne County, Tennessee, 1950-1G653, together with similar
data from the rotenone study, April 1953

Size Fall Spring Fall Spring Fall Spring Rotenonse
group 1950 1951 1951 1952 1952 1953 1953
(inches) Number Iurber Number Iumber Humber Number  Number
740 1
T+5 5 1 1
8.0
8e5
9.0 2 1
9.5 1
10.0 2
10.5 1 2 1 1
11,0 23 6 1 2
11.5 57 6 11 2 1
12.0 Ll 26 1 2
12.5 2l 21 21 8 2 2
13.0 3 1 9 16 5 3 2
135 35 19 12 5 2
14.0 12 17 11 5 3
1.5 1 1 i 12 23 5
15.0 '5 12 3
155 2 1




Table 21, Numbers of gizzard shad, a.rra.nrred according to total
length in half-inch groups, measured duri ng the six semi-annual
studies for estimating the size and comnos:.’clon of the fish popu=~
lation of White Oak Lake, Roane County, Tennessee, 1950-1955,
together with similar data from the rotenone study, April 1953

Size Fall Spring Fall Spring Fall Spring Rotenone

group 1950 1951 1951 1952 1952 1953 1953

(inches) Number HNumber Number Number Number Number Number
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fPor the black crappies indicate that the 1950 year class comprised the

major portion of the population in the fall of 1951 and the spring of

1952, and, to a lesser extent during the next two netting periods. However,
by the spring of 1953, the 1950 year class had largely been supplanted by
that of 1951. The 1952 year class was probably the largest single year
class of black crappies present in the lake during the survey. lembers of
that class made up approximately 56 percent of the total numbers of black
crappies recovered during the rotenone study.

Among the bluegills there was no particular year class that was out-
standing during the survey period. DMNembers of each of the 1947, 1948, 1949,
1950, and 1951 made up the mejor part of the total bluegill population at
one time or another during the study. However, because of their relatively
slow growth as compared with the black crappies, the fish were usually about
two years old when first taken in the nets.

So far as the data for the carp and bullheads are concerned, it was
not practicable to assign year classes to the length frequencies in the
histogrems. The relatively great size ranges for each year class of carp
precluded any assignment of a particular class to any part of the histograme.
No attempt was made to determine the ages of the bullheads.

An exagmination of the data for the white crappies indicates that the
species was gradually disappearing from the lake.

The reason for the relatively large catch of largemouth bass during
the first netting study as compared with the catches from later studies is
not obvious. It may be, however, that the lake water was so turbid during

the first study that the fish could not see the nets and thus could not




avoid them. During the last five studies the water was much clearer and
the visibility much better.

From the data on the redhorse it is obvious that the majority of the
fish sampled during the six netting periods, and also during the rotenone
study, were members of the same year class. This observation is borne out
by the scale readings. For some unknown reason the redhorse did not
reproduce successfully after 1949.

Following the heavy winter mortality of large gizzard shad in 1950-
1951, the remaining fish ;pparently spawned successfully, and young=of=-the-
year fish were prominent in the fall catch of 1951 and thereafter during
the study. MNembers of the 1952 year class were taken during the fall
study in 1952, but their average length was considerably less than that

of the 1951 year class (Table 21).

Length-weight Relationship

The relationship between the length and weight of any fish is
generally used as an indication of "condition" or plumpness. The average
weight in grams of bluegills, black crappies, and white crappies of
different length groups are listed in Table 22, From these data it is
obvious that the bluegills were much heavier for their length than were
either of the crappies. However, the black crappies were consistently
heavier in each length group than the white crappies of comparable size.

The average weights in grams of the largemouth bass, carp, bull-

heads, and gizzard shad of differcnt total length groups are listed in

Table 23. Here, it is indicated that up to the maximum size taken, the
bullheads were heaviest and the shad lightest for their lengths. The carp

Were heavier than the bass at all lengths up to 10.5 inches, whereas at
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Table 22. Average weights of bluegills, black crappies,
and white crappies of different guarter-inch groups,
White Oak Lake, Roane County, Tennessee

Size Weight in grams
group
(inches) Bluegills Black crappies White crappies

1.50
1.75
2.00
2.25
2.50
2.75
3.00
3425
3450
375
L;.00
L.25
11450
Le75
5400 !
5.25
5.50
575
6.00 93
6.25
6450
6.75
7.00
7425
7 .50
T+75
8,00
8.25
8050
8.75
9.00
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9.50
9.75
10.00
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Table 23. Average weights of largemouth bass, carp, bull-
heads, and gizzard shad of different half=-inch groups,

White Oak Lake, ‘Rosne County, Tennesses.

The figures in

parentheses for gizzard shad were takea from a curve; no
actual weights were available.

Size Weight in grams

group :

(inches Largemouth bass Carp Bullheads Gizzard shad
245 55
3.0 5.0
3¢5 746
L.0 11y
L.5 12.6 15.8 10
5.0 19.0 2.0 19
5.5 26.1 3.2 28
6.0 3L.2 68 1i5.5 37 .
6.5 L7.5 79 57.0 L7
7.0 52.0 91 70.0 58
75 78.9 110 88.0 (69)
8.0 96.0 125 109.3 (81)
845 117.0 15 1%2,7 (95)
9.0 140.0 166 175 (110)
9.5 166.0 190 210 (127)
10.0 201.5 215 291 (147)
10.5 2L0.2 2L5 356 171
11.0 282.0 278 Lé7 198
11.5 328.4 316 ~ 233
12.0 390.0 365 652 274
12,5 Lli.0 e 319
13,0 520.0 Lé7 765 370
13.5 602.0 528 L2t
1L.0 6975 592 850 Lo
1L.5 795 656

15.0 900 735

15.5 101, 813

16.0 1120 898

16.5 12,8 992

17.0 1358 1088

17.5 1468 1185

18,0 1575 1292

18.5 1700 1,08

19.0 1818 1527

19.5 1940 1645

20.0 2060 1758

20.5 1900

21.0 2025

21.5 2155

22.0 2285

22.5 21,20

23.0 2540

23,5 2670

2L.0 2800

eli.5 2925

25.0 3055
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lengths greater than 11 inches the bass were consistently heavier. No
length-weight relationship was prepared for the redhorse.

Inssmuch as all fish caught during the netting studies were
measured to total length, estimates of the total weight of fish in the
lake were made for each study by applying the average weights as outlined

in the above tables,

Discussion
The fish population of White Cak Lake is believed to be essentially
the same as that of any comparable body of water in the region. Although

there are a number of large reservoirs nearby, which differ considerably

from White Qak Lake in their physical and bioclogical characteristics,

there are no such impoundments of smaller size that have been studied.
However, some information from the larger waters, such as that on age and
growth of fishes, is useful as a guide. Inasmuch as no comparable date on
fish populations are available, much of the discussion will of necessity
be based on general information that has been accumulated over many years
from a variety of sources. The methods and practices used in collecting
the data for meking estimetes of the size and composition of the fish
population, whether by netting studies or robtenone, have become weitl
established and generally accepted in the field of fishery biology. Still,
there is much to be learned about the overall dynamics of fish populations,
their fluctuations, both intersvecific and intraspecific, which are brought
about by pressures exerted by one Species against another or by one year
class of a particular species against the other year classes of the same

species, the interdependence or antagonism of the different species




concerned, ‘together with the general picture of the ability of the
different components of a fish population to maintain themselves.

The general fertility and productivity of White Oak Lake are

believed to be much higher than most other lakes of the region. The
primary cause of that increased fertility is that the lake receives all the

treated domestic sewage effluent from the Oak Ridge National Laboratory.

Thus, in White Oak Lake there is essentially the same condition of in-

creased fertility and productivity as there would be for any body of water,

sbout 35 acres in extent, that received the sewage effluent from a

municipality with a population of about 3,000 people. Any increase in
feraality usually results in an increased productivity in any body of
weter. However, the increased fertility in itself cannot be held directly

responsible for any changes in the species composition of the fish

population. Changes in the populations of plankbtonic and other invertebrate

organisms may result directly from increases or decreases in the amount of

certain elements or nubtrient materials, whereas changes in the species

composition of the fish populations are usually traceable to marked changes

in habitat, food supply, chemical characteristics of the water, etc.

It is not known what changes in the size and species composition of
. the fish population of White Oak Lake took place during the first seven
years of impoundment (1943-1950). FKowever, the composition of the fish
Population in White Oak Lake was considerably different from that of Watts
Bar Reservoir, of which it was originally a part, at the beginning of the
surveye. Much silting has occurred in the basin of White Qak Lake since
its impoundment in 1943. This in itself is a ma.jor deterrent to the well=-

being of any fish population. Since the advent of the survey in 1950,
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there have been marked changes in the species composition, so it can
safely be assumed that other changes must have taken place prior to that
time. All the survey did was to take note of the changes which took place
over a period of three years.

Several general conclusions may be drawn from the results of the six
seni-annual netting studiesf First, there is confirmation of the fact that
the gear used was highly selective for certain species of fish in the lake.
The vulnerability of both species of crappies was exceptionally high, about
twice that of the bluegills which were readily caught during most of the
netting studies. The carp, on the other hand, were not very easily caught,
probably because the vhysical contour of the lake beottom precluded the
placement of nets where the large concentration of that species were known
to occur. The bullheads and redhorse were usually taken in sufficient
numbérs on which to base what are believed to have been fairly good

estimates of the size of those particular populations. So far as the

largemouth bass are concerned, that species has long been known to be
difficult to capture in passive netting devices. The reasons for not
having made any estimates of the size of bthe vcopulation of gizzard shad
have been discussed previously.

Second, although the last two netting studies failed to yield

adequate data on which to base sound estimates, the first four studies did

indicate that there was a definite decrease in the overall weisht of the

fish population over winter. That same phenomenon of decreased carrying =

capacity during the colder months of the year has been discussed by

Krumholz (1948) in a preliminary report on the fish povulations in ponds at

Wolf Leke Hatchery in Michigan and at the Maxinkuckee Experiment Station in

G



Indiana. In further studies along the same line in Indiana, which were
completed during the author's tenure with the present survey (unpublished

data), it was shown that there was an average decrease of about 20 percent

in the weight of the total population each winter with the exception of
three individual cases in which populations of only one species, either
bluegills or largemouth bass, were involved. In those experiments, each

of five ponds that had been stocked at known rates with various combinations

of largemouth bass, bluegills, black ¢rappies, and bowfin (Amia calva) were

drained each fall and spring for six summers and the intervening winters,
and all of the fish were recovered, counted, weighed, and measured to
total length. Following such periods of over-winter decrease, there was
always an increase in the weight of the population during the ensuing
sumner to a level similar to that of the preceding fall., In three other
ponds at the same experiment station, used for similar studies for periods
of from two to four years, and which were stocked with combinations of the

Seme species, the same phenomenon was observed. In still another pond,

stocked with hybrid offspring of4male bluegills and female redear sunf'ish

and observed for three years, the same sort of seasonal fluctuations in the
weight of the population were observed. Thus, the occurrence of an over-
winter decrease in the weight of a total fish population followed by an
increase of complementary proportions during the ensuing summer, wasg
Observed in 38 of L1 instances. Such an overwhelming majority pretty well
establishes the fact that such seasonal changes must be an integral part

of the normal picture of the natural dynamics of fish populations. Fronm
this it seems reasonable to conclude that, ever though the estimates based

o the netting studies may no%.have been quantitatively accurate, they

>




certainly provided qualitative information that followed an established

pattern.

In considering the estimates for the fall of 1950 and the spring

of 1951, it appears that there was an over-winter decresase of nearly L5

percent. During the following winter there was 2 decrease in estimated
weight of about 32 percent. These two figures are considerably higher
than the average observed decrease in the Indiana ponds. However, the
range in decrease in the Indiena ponds was from sbout 3 to L7 percent.

The maximum estimated weights in the fall for the fish population of ’f&lite
Osk Leke were very similar both years (Tsble 8). The greater decrease
during the winter of 1950=-1951 may have been the result of the effects of
the relatively severe winter. During that time the lake was completely
covered with about an inch of ice for a period of about five weeks, the
only period during the éurvey when the entire lake has been so covered.
The experimental fish populations observed in Indiana were similar to the
population in White Osk Leke during the survey period in that there was no
exploitation of the fishery.

Third, there is substantial evidence that all species of f{ish grew
appreciably during the winter months as indiceted by the increased average
lengths in the spring netting studies over those of tbe vreceding fall.
This same phenomenon was observed by Krumholz (unpublished data} in popu-
lations of fish in ponds in northern Indiana.

Neither of the last two estimates of the total size and composition
of the fish population in White Oak Lake are relisble. Thus, it is
impossible to compare the quantitative estimates of the netting studies

with the data from the rotenone study. There is no obvious reason why the
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same nets in the same locations which caught fish during the first four
studies should fail to do so during the last two. There were no changes
the techniques or methods of operation. However, the fact remains that
during two of the six semi-annual netting studies, the numbers of fish
caught were inadequate to serve as bases for estimating the size and com=-
position of (some species) the fish population. Such inconsistencies in
results from a routine procedure point up the fact that there is much to
be learned about the normal fluctuations and interrelationships of fish
populations.

The data for age and growth of ‘the bluegills, black crappies, and
largemouth bass from White Oak Lake indicate that those fish did not grow
as fast as individuals of the same Species in nearby reservoirs of the
Tennessee Valley Authority. Furthermore, there is substantial evidence
that the life spans of the black crappie and largemouth bass, which spent
their entire lifebime in White Osk Lake, wers considerably  shorter than
those of the same species in Norris Reservoir and perhaps other nearby
impoundments as well. In the histogram of the length-frequency &istribu-
tion of the black crappie (Figure 2), it is apparent that the memberé of
the 1950 year class, which first appeared in the catch in Getober 1950,
and constituted the major portion of the catch a year later, had largely
been supplanted in the spring catch of 1953 by individuals of other year
classes. None of the other year classes fared any better. Furthermore,
the evidence from scale readings shows that only a very small number of
individuals of that species attain an age of four years. Thus it seems
reasonable to conclude that the maximum life span for black crappies in

White Oak Leke is abous three years. It will be shown elsewhere in this
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report that the fish living in White Oak Lake are constantly exposed to
certain low level external doses of radiation. Also, they accumulate and
incorporate into their tissues rather largze amounts of radioactive
materials. Thus, they receive a constant internal as well as external
dose of radiation., It has been shown by other workers that exposure to
radiation tends to reduce longevity. Hence, a shortening of the life span
of the black crappies, and perhaps all other species of fish in White Oak
Leke as well, is probably a'natural® occurrence.

In studying the scales of fishes from White Oak Lake it was found
that the time of annulus formation ranged from early May until late July.
In general, the smaller fish formed their amnnuli garlier in the summer than

\did the older individuals. A few fish which were collected in August had

jnot yet formed an amnulus that year. An examination of those scales dis=-

:closed that the fish could not have attained their current size and still
belong to the same year classe. It may be that in this particular instance
of three-ysar-old fish that they just hadn't formed an annulus that year.
If it is assumed that the anmulus is laid down early in the summer,
say May or June, an examination of the data for the calculated and actual
measured lengths of black crappies (Tebles 9 and 10) will show that the
actual lengths of the fish taken during the spring netiing studies were
considerably greater than the calculated lengths for the same groups of
fish. For instance, the greatest average calculated length at the time of
formation of the first annulus was 90.5 millimeters as compared with an
average measured length of 113.0 millimeters for the individuals of the
1952 year class at the time of the rotenone study.in April 1953, Here, it

should be pointed out that the 1952 year class was smaller in average
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length at that age than any of the other year classes of black crappies
observed during the survey, and that the measured iengths wers recorded at
least a month before the assumed time of annulus formstion. Thus, there

is a difference between the two lengths of sbout 23 millimeters. It is
well known that small fish are scaleless for a certain period of time early
in life. If the black crappies did not begin to form scales until they
were slightly less than an inch in length, the discrepancy between the cal-
culated and measured lengths referred to above could largely be accounted

for by adding the length of the fish before it formed any scales, to the

calculated length at the time of formation of ths Pirst ammulus. Much the

same sort of information can be obtained by exemining the data for the
calculated and measured lengths of the bluegills from White Oak Lake
(Tables 11 and 12).

During the course of the survey, two species of fish, the white
crappie and the redhorse, gradually diminished in total nmumbers. When the
fish population was killed with rotenone in April 1953, no white crappies
were recovered even though a speciai effort was made to find some. During
the first two netting studies, well over 200 individual white crappies
were caught, and the number estimated to have been present in April 1951
was more than 1,100 individuals. Although a small amouﬁt of recruitment
to the population took place through natural reproduction, the population
completely disappeared within the next two years. As for the redhorse,
much the same kind of mortality Gook place except in a more gradual
manmner. A total of 17 redhorse, which represented 7h percent of the fish
marked during the netting study in April 1953, were recovered later that

month during the rotenone study. No appreciable recruitment to the
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population of redhorse had taken place through reproduction during the

three-year period of the survey.

The recovery, during the rotenone study, of approximately 60 percent

of the fish that had been merked several weeks previously during the spring

ORI . . .

netting study is very good when the tremendous numbers of fish involved
and the limited time available for recovering them are considered. In
similar studies elsewhere, Krumholz (194kL, 1951) reported recovering 86
percent of the marked fish from Twin Lake, a pothole lake seven acres in
extent, in Oscoda County, Michigan, and 91 percent from a l.-acre pond on
the farm of A. L. Lutz, near Evansville, Indiana. In both instances, all
the recoverable fish were picked up for 10 days following the treatment
with rotenone. Carlander and Lewis (1948) recovered about 60 percent of
the marked fish from a small Iowa farm pond in five days, and Ball (1948)
recovered 59 percent of the marked bluegills and L5 percent of the marked
trout for & total of 52 percent in six days following the treatment of
¥ord Lake, Michigan, with rotenone. Although only seven days could be
spent in picking up fish from White Oak Lake (the fish were too.decomposed
%o be handled after that period), as many fish were recovered as by other
workers in comparable situations. However, Ball, and Carlander and Lewis
marked fish immediately prior to the treatment with rotenone whereas in the
studies ot White Oak Lake and the one by Krumholz in Michigan, the fish
were marked as part of a population estimate as long as six weeks before

the treatment. During such a long period of time many of the marked fish

could have disappeared.




WEIGHIS OF FISH TISSUES

In order to set up a series of standard weights for each particular
kind of tissue in the body of a fish, several individuals of each species
of fish in White Oak Lake were completely dissected and the various com-
ponent parts weighed. Each fish was dissected so that all the possible
tissue belonging to each of the following categories was recovered and
weigheds scaies, skin, muscle, bone, fins, gill filaments, gill arches and
rakers, eyes, stomach and pyloric caeca, intestine, heart, liver, gall

bladder and contents, spleen, kidneys, head kidney or pronephros, central

nervous system, abdominal fat, gonads, and contents of the digestive tract.

For example, all the muscle tissue (flesh) in the entire body was separated
from all other tissues and woighed as a unit, and each of the other tissues
was handled in the same menner. So far as the bone was concerned, all the
dermal elements of the skull, together with the lower jaw, vertebral spines,
ribs, girdles, hypural elements, gill arches, and any other bones which were
compact in their adult structure, were grouped together as compact bonse,
whereas the base of the skull and the bodies of the vertebrae were grouped
together as cancellous bone.

For analysis and determination of the percentagg composition of each
tissue in the body, the tissues were then regrouped into (1) stable tissues,
or those present in all individuals in relatively consistent amounts, and
(2) variable tissues, or those which were presenmt, if at all, in more or
less variable amounts. Under the stable tissues, the scales, skin, muscle,
bone, fins, gills, eyes, elements of the digestive tract, heart, liver,

gall bladder and contents, spleen, kidneys, head kidney, and central




nervous system were included. The variable tissues included the contents
of the digestive tract, abdominal fat, and the gonads. In some individuals,
the stomachs and intestines were fuller than in others, some fish contained
more fat in the abdominal cavity than others, and the gonads in some fish
were relatively much larger than in obhers inasmuch as the size of those
organs changes from season to season in relation to the reproductive
activities.

There are anatomical differences between the various species under

consideration. Generally speaking, the anatomy of the bluegill is very

similar to that of both species of crappies and the largemputh bass, and

the different parts of the body are almost identical in structural formation.
However, among the other four species the differences are much greater. In
the carp and redhorse there is no stomach as such. Rather, the posterior

end of the gullet opéns directly into an enlarged anterior portion of the

intestine. That enlargement gradually tapers off posteriorly into the
inteétine and there is no evidence of a pyloric valve as in the other
species under consideration. Thus, the entire digestive tract in the carp
and redhorse, from the posterior end of the gullet to the anus, was con-

sidered as the intestine. In the gizzard shad, the gizzard was included as

part of the stomach. Among all of the cemtrarchids, the pyloric caeca were

included with the stomach.

The anal and dorsal fins of all species were dissected out together
with their bony attachments to the vertebral columm, whereas only the
exposed portions of the pectoral, pelvic, and caudal fins were included

in the category of other fins.




During the dissecting process, some of the body fluids were lost.
Part of those fluids were undoubtedly lost through evaporation and part
through absorption by paper towels used in cleaning some tissues. However,
it was possible in all cases to recover more than 90 percent of the live
weight of the individual fish (Table 2).

In meking calculations for the percentage of the total weight con=-
tributed by any particular organ or tissue, the combined weight of all the
stable tissues recovered during dissection was considered as 100 percent.,
Then, the weight of each of the stable and variable tissues was figured as
a percentage of that total weight of the recovered stable tissues.

A totael of L3 individual fish referable to eight species were

dissected as follows: 10 bluegills, 8 black crappies, 5 white crappies, L

largemouth bass, 5 carp, 3 bullheads, 6 redhorse, and 1 gizzard shad. The

averaze percentages of the totgl weight of the stable tissues, contributed
by each of the individual weights of the stable and variable tissues, for
the combined individual fish of each of the eight species, are listed in

- Table 2LL_.

From these data it is evident that the woight of the leathery skin
of the bullhead,where no scales are present, is relatively the same as that
of the combined weights of the scales and skin in the other species. The
Scales of the carp and the redhorse were considerably heavier than those of
the other fishes. The weight of the combined bony skeletons differs con-
siderably from species to species, presumably because of differences in
requirements for structural support in bodies of such diversified shapes.

The eyes of the cenmtrarchids, which feed largely by sight, are considerably
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larger than those of the other species. The livers of the carp, bullheads,
redhorse, and gizzard shad are much larger than those of the centrarchids,
probably because of marked differences in diet.

Perhaps the mest remarkable finding of this part of the study is the
great similarity in the amounts of muscle tissue in the different species.
Bach of those kinds of fish is significantly different in shape from the

others, yet the amount of muscle in each is approximately the same.

POOD EABITS OF SCKME FISFES

In conjunction with studies on seasonal changes in the accumulation

of radiomaterials in the fishes of White Oak leke, as described elsewhere
in this report, it became essential to obtein information on the food
habits of those animals. Inasmuch as presumably representative samples of
two species of fish were being dissected each week for radioassay, the con-
tents of the stomachs of those individuals were selected to supply the
required data. Accordingly, the stomach contents of weekly samples of the
three bluegills and three black crappies dissected during 1952 formed the
basis for this study. As each fish was dissected, the relative amount of
food in the stomach was visually estimated, the stcmach contents removed,
placed in a flask, weighed, and preserved in 70 percemt alcohol. From
January until May the stomach contents of all fish were kept in preservative,
but after May the material was prepared for radioassay and counted. By
assaying some of the samples for gross beta radioactivity, a comparison
between the amounts of radioactivity in the stomach contents and that

accumulated in the verious tissues cculd be made.




The comtenmts of edch stomach wes examined through a binocular
dissecting microscope and the various organisms and other food material
separated out and identified. After the jdentification of all material,
the percentage of the total volume contributed by each kind of food in
the sample was estimated. The variety and extremely small size of the
various food materials made it impossible to obtain accurate weights for
each item. However, in some instances where the entire contents of thg
gtomach was made up of a single species of organism, the weight of that
sample was available.

The food habits of the two species of fish under consideration were
quite different. The black crappies fed primarily on those macroplankters
which live as free-swimming organisms in the pelagic zone of the lake,
whereas the bluegills were more omnivorous end generally foraged for food

along the littoral zone.

Food of Black Crappies

The food habits of the black crappies in White Oak Lake were
undoubtedly affected by the ecological conditions which prevailed during
the study period. Under different conditions they might have utilized
other foods even in the presence of large quantities of pelagic plankton.
Only during periods when there was an apparent shortage of pelagic plankton
did the crappies foré.ge for other food along the littoral zone. Any
decrease in the amount of pelagic forms in the stomachs examined usually
occurred during the winter months. At that time, there was an increase in

the types of food organisms common to the littoral zone.
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The contents of the stomachs of 156 black crappies were examined

during this study. Of those, 50 were empty. The remaining 106 stomachs

ranged from about one-fifth full to full, and in most instances they were
at least half full. The average weight of the contents recovered from
those stomachs considered to be full was slightly more then half a grem
(04558 gram). None of those full stomechs appeared to be abnormally

distended,.

Most of the fish sampled were of comparable size, ranging from
seven to nine inches in total length. It is reasonable to assume that the

food requirements of all individuals were similar, Of the few fish that

were outside that size group, none were so much larger or smaller that the

food habits would have been noticeably different.

The variety of food materials found in the crappie stomachs is

believed not to be as comprehsnsive as the following list implies. Rather,
it is believed that some of the smaller organisms, which were only
occasionally present in the sSomachs, were picked up accidentslly with
other food items. The following list includes all organisrs ard azimal
materials found in the stomaché of black crappies in 1952:

Arachnida (piecss of spiders)

Arthropoda (pieces of grasshoppers)

Agquatic Colsoptern
Gyrinid:e {larva)

Hydrepl .." dae (adult)
Cladocera
Alonoliy (adult)

Chydorus (adult)
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Dephnia (adult)

Eurycercus (adult)

Moina (adult)

Psuedoside (adult)

Copepoda

Cyclops (adult)

Dieptomus (adult)

Diptera

Chaoborus (larva)

Tendipedidae (larva)

Culicinae (larva)

Ephemeroptera (unidentified larva)

Hemiptera

Corixa (adult)

Hymenoptera (small adult wasp)

Odonata

Anisoptera (dragon fly larva)

Zygoptera (dsmsel fly larva)

Rotifera (unidentified)

Trichoptera (unidentified larva)

Vertebrata (small fish)

In addition to the animal material listed above, there was

frequently some vegetable matter present. Most of these materials are

believed to have been ingested accidentally, such as phytoplankton which was

taken in along with sought after zooplankters, and pieces of vascular plants




or wood fibers which were either mistaken for organisms or eaten along with

the organisms clinging to theme The following list of plant materials made

up less than one percent of the contents of all stomachs examined:

Algae

Various filamentous types, chiefly Oscillatoria

Diatoms (very rare)
Volvox (present only when sbundant enough to make
the lake appear green)

Pieces of vascular plants and seeds

Detritus (pieces of decayed wood and dead leaves, sand

and disentegrated pieces of rock)

The main preference for food exhibited by black crappies was for
planktonic fauna as indicated by the data listed in Table 25+ There, the
percentages of the various food items which were found in the stomechs of
black crappies each month are shown, together with the percentage compo-

sition of the diet for the entire year.

Of particular importance in the contents of the stomachs of the
black crappies were the larvae of the phantom midge, Chaoborus. Those
larvae -exhibit a diurnal movement toward the water surface at night and

apparently they were most vulnerable to predation by the crappies during

that nocturnal migration. Frequently, the stomachs contained larvae in a

stage just prior to pupation, indicating that the crappies caught them at

or near the surface. Then, too, most of the fish with full stomachs wers

taken from the nets early in the morning.

Larval Chaoborus were found in the crappie stomachs every month in

the year, and during five separate months those larvae constituted more

89



TeTIegeu o1qT3seS{put
puB 8N3TI30G

f1°0 - - - 2°0 £*0 2°0 ¢°0 T1°¢ - - G*0 G*0 T8 TI04Bu
queid pue evZTy

6°L G2 0°01 ¢*ze i QL 6 6*12 L*9 - - - - T8 TI096UW
TewTUs pegsediq

2°8 8°08 - 9°Q - - 0'¢ L't 10 = 0°2 - - BUTOWS L YSTJ

8°0 - - ._.wo.—N - - N.'O 1°0 - - - Oom - OBAJET J088UT
otaenbe JeyqQ

1°9 - L*1T ¢*0 6*0 - Lo 6*0 6°L ¢6  tprer (4374 0°2 BXLI0)
sIoqdtusy o1genby

W 0°21 a*h ¢€*0 1°6¢ L*02 ¢ 60 T°G 2 o°TT  0°¢e 9°6 G*ze eepipedTpusy,
eeAIBT snoxeqdi(

— (o]
Legh Lt 0°¢¢ 0°6T 0°09 6°G8  G°28 19 trle 1°19  Geeg 0°91 0°92 nioqoeyy
ovAIBT snoxeqdig

| et g0t ¢°o¢ 6°¢ G°0 0 - - 20 ¢0 9%z Le9g 0°61 wpodedon
6°9 e*o Lt 1°9 et 0°2 - ¢0 foy ¢lt - - - »1920p8T0
7°0 - - - - - - 0 - G - - - wisgdostop oFqunby
t°0 - - - L2 - Lo - - - - 6*0 - saopids pue s3008UT

TeTdas0dd0]

GUMTOA ATYAUOW TB30% JO 09BRUO0IOT

901 9 ¢ 11 11 T L 1T et o1 9 Ui YTy JOo Jequny
Teq07 Jequeseq JoqUBAON Jeqoao) Joqueqdeg qenSny Ammp eunp Loy [rady yorey Ayenaqey Areausp HauoH

- - e

Jeoh eatque oYy JoJ 3o1p oYz Jo uotgisoduoo edejueoded eyy Yjim I9U3edoy ‘eosseuue] ‘Lqunop eweoy ‘e MBO 94TUM ‘2G6T
Jutanp yjuow yowve setddwao 3oe[q JO SYOBWO4S UT punoJ syeizezew Jo sdnoal xolww £Aq dn opwur sumtos Teq03 Jo ofwquedtsd °*Gg OTq%]




than 60 percent of the total volume. For the entire yeear., Eéaoborus larvae
made up about 443 percent of the total contents of the stomachs analyzed,
and thus constituted the major item in the diet of the black crappies in
White Oak Lake.

The copepods were grouped together because the fish showed ne

preferencé for any particular species, This group of plerkters was the

second most abundant group in the contents of the stomachs examined. The
cladocerans or water fleas were grouped together in the same way as the
Copepode, and made up about 7 percent of the diet. Thess two groups, when
combined, constituted more than 20 percent of the total amnuszl food found
in the stomechs of the black crappies.

Midge larvae of the family Tendipedidae made up 12 sercsns of the
total anmual diet of the black crappies. These larval forms == numerous
in White Cak Lake, but are usually confined to the littoral zone. However,
they are found on almost any type of submerged material whers they construet
protective cases around themselves. Inasmuch as they are almost constantly
squirming, that motion apparently attracted some fish, but when they are
about to pupate, the larvae swim to the surface, and it is at this stage of
development that they are most frequently found in the crappie stomachs.

Small fish were eaten only occasionally, snd those were probably
caught while the crapoies were foraging along the littoral zone., Other
Organisms from the littoral zone which were eaten by the crapoies were the
&quatic hemipteran, Corixa, and the larval forms of aquatic Colsoptera,
Corixa are quite numercus in the littoral zone, end made up approximately 6

percent of the anmual diet during 1952,




Food of Bluegills

One hundred of the 156 stomachs of bluegills examined contained
jdentifiable food materials. The stomachs ranged from one=-sixth full to
full, and only a few were less than half full. The average weight of the
contents of those stomachs considered to be full was 0.383 gram, approxi-
mately two-thirds thet of the black crappies. From all appearances, none
of the full bluegill stomachs was ebnormally distended. The total lengths
of the bluegills dissected ranged from about five to about seven inches.

The food items taken from the stomachs of bluegills, as listed below,
gives the impression that they will eat practically anything. The general
scarcity of food organisms in much of the littoral zone, where the water is
deep enough to be negotiated by fish other than fingerlings, indicates that
many of the bluegills, particularly the larger individuals, may have been
on a near starvation diet. The list of food items found is as follows:

Arachnida (pieces of spiders, water mites)

Hymenoptera (small ants, bees, wasps)
Diptera
Black flies (terrestrial)

Chaoborus {adult and larva)

Tendipes (adult and larva)

Lepidoptera (butterfly, pieces of moths, caterpillars)
Coleoptera (terrestrial - small beetles, June beetles)

(aquatic - Haliplidae - adult, Hydrophilidae - adul®

Hemiptera (terrestrial - lace-bug)

(aquatic - Corixa)




Cladocera
Alonella
Chydorus
Daphnia
Copepoda
Odonata

Anisoptera (dragon fly larva)

Zygoptera (demsel fly larvae)

Ephemeroptera (unidentified larva)
Trichoptera (unidentified larva)

Pulmoneta

Gyraulus

Vertebrata (small fish, eggs)

Bryozoa (statoblasts from Pectinatells)

Homogeneous mass of partially digested but unidentifiable
animal materiai

Algae (filamentous)

Spirogyra

Oscillatoria

Volvox (accidental to diet--see section on black crappies)

Euglena (encysted stages)

Vascular plants (pieces of stems, leaves, and some seeds)
Bryophytes (pieces of moss)

Detritus (pieces of wood, sand, disintegrated rock fragments,

and feathers)




There wes actually very liftle preference for any particulaf
food shown by the bluegills, as indicated by the data in Table 26,
high percantage of plant remeins and algae in the stomachs, which g
ebout 43 percent of the amual total, probably results from those iﬁf
being eaten &uwcve*tently. Those forms of vegetation occur in consi»
abundance along the littoral zone where the bluegills do most of thei
feeding. The stomachs contained a large variety of organismas and 1tf
only during tae hottest summer months that the pelagic Chaoborus lsg
made up an immortant part of the diet. At that time, those organisms
very abundan® ir the deep water and the relatively high temperatures o
water along tas shore probebly forced the bluegills to séék the cooler
water near ths -iddle of the leke., Larval Tendipes wers numerous aloné
shore of the lzke and were frequently eaten, maklng up more than 11 pero
of the total aanrual diet.

The variety of food eaten by the bluegills in White Oak Lake in
that they were prooably searching for food constantly, and, by foraglng ‘
the shoreline they sncountered many terrestrial insect:s which fell into t.
water. Porticns cf taose insects were found in the bluegill stomachs
Throughout the vesr srd apparently providad an impor:aﬁt s2gment of the

annual diet, . ;

Dadioactivity in Stomach Conten -:

The stomach contents were prepared for redicusruy snd counted in €
Seme manner as the other animal tissues as described. =lse.hsre in this
report. The amount of radiocactivity in the contents ¢’ tie black crapple

stomachs ranged from 105 to 1,800 counts per minute per gram, whsreas those

Sk
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of the bluegills ranged frem 250 to 14,350 counts ver minute per gram., The
averaze for the contents of the full crappie stomachs was 960 counts per
minute per gram, whereas that for the full bluegill stomachs was 1,250. The
differences in the amount of radiometerials in the stomech contents of the
two species of fish is probably traceable to the greater sbundance of

filamentous algae eaten by the bluegills. Samples of Oscillatoria and

Spirogyre taken from the lake contained as much as 13,000 and 17,000 counts
per minute per gram respectively,

Of the bluegill stomachs that contained rather large asmounts of
radioactivity, four contained fairly large amounts of filamentous algae as
follows: (1) 4O percenmt algae - 5,340 counts per minute per gram, (2) 90

percent algae - 7,170 counts per minute per gram, (3) 95 percent algae =~

5,400 counts per minute per gram, and (L) 70 percent algae - l,350 counts
per minute per gram. However, the stomach contents that contained the
greatest amount of radiocactivity contained no algae vhatsoever, but rather
& group of small sound objects somewhat similar to cladoceran eggs.
Unfortunately, no parent animels were present for identification.

Samples of Tendipes collected from the lake ranged in radiocactive
content from 150 to 2,770 counts per minute per gram, whereas those of
Chaoborus ranged from 540 to 1,340 counts per minute per gram.

None of the samples of stomach contents were analyzed radiochemically.

However, analyses of samples of Chaoborus, Tendipes, and a mixed sample of

Daphnia end Diaptomus were shown to contain several radioelements in the

following percenteages:



Rare
Phosphorus earths Strontium Cesium

Chaoborus (July 1952) 95.0 2.0 0.5 1.1
Tendipes (June 1952) 50.0 6.0 6.6 343

Mixed Cladocera (June 1952) 55 25.7 12.0 L6

Among the filamentous algae sample of Oscillatoria and Spirogyra

yielded the following results on radiochemical analysis:

Rare
Phosphorus earths Strontium Cesium

Oscillatoria 9.6 320 LN 9.8

Spirogyra 13.6 11.8 743 1.0

Spirogyra _ L2.3 38.3 22.0

From these data it is apparent that the majority of the zooplankters

analyzed had concentrated radiophosphorus more than any other nuclide,
whereas among the filamentous algae, the rare earths were assimilated in
amounts almost equal to the radiophosphorus. In addition, there was an
accumulation of definite amounts of radiostrontium in ell organisms. In
snother section of this study, it is pointed out that the bony structures
of the fish accumulated various amounts of radiomaterials depending on the
metabolism of the animal as correleted with temperature changes during the
different seasons of the year. Yet, in that concentration of radiometerials,
it has been shown that approximately 85 percent of the radicactivity in the
bones was emitted by strontium and 10 percent by phosphorus irrespective of
the time of year.

Furthermore, the ccncentretion of radiomaterials in the stomach con-

tents of the two species of fish under consideration, indicates that the
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bluegills contained an average of about 25 percent more radiomaterials than‘
the black crappies. However, as will be shown later in detail, the black
crappies accumulated about 50 percent more radiomaterials in the hard parts
of the body than did the bluegills. Among the soft tissues the bluegills
concentrated more radiomsaterials than the crappies.

Thus, it appears that one or more of several things may occur during
the assimilation of radiomaterials by fishes: (1) the radiophosphorus in
the food organisms may not be in a form that is physiologically acceptable
to the fish; (2) the biological half life of the phosphorus may be so short
that large amounts do not accumulate, this, however, seems unlikely inasmuch
as large amounts do accumulate in the muscle tissue of waterfowl; (3) the
physiological demand for strontium by the fish is so great that all that is
available in the food materials is incorporated in the fish tissues; (L)
the strontium, or some other element that is already present in the fish
tissue, tends to inhibit the deposition of large amounts of phosphorus; (5)

the amount of radiophosphorus accumulated is near the level of saturation

for those tissues; (6) the seasonal variation in the accumulation of radio=-

materials in the fish may be controlled to a certain extent by the differences
in abundance of preferred food materials avaeilable during the different
seasons of the year; and (7) the physiological requirements for wvarious
elements differ markedly, even between closely related species of fishes.

A consideration of these and other factors, either singly or in
combination, poimts up the fact that there is much to be learned about the
methods and rates of accumulation of radiomaterials in animals under natural
conditions. In addition, very little is kmown about the physiological

requirements of these animals for the so-called trace elements.
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ACCUMULATION OF RADIOMATERIAIS BY FISHES

One of the primary functions of the Ecological Survey of White Oak
Creek was the determination of the amounts and kinds of radioactive
substances accumulated by the fish of White Oak Lake during their normal
life processes. Accordingly, & program of sampling different tissues of
individual fish of the various species present in the lake was set up to
determine which tissues concentrated the greatest amounts of such materials,

and which radioelements they concentrated.

Materials and Methods

All fishes used in this study were caught in hoopnets set in the
same location at Net Station l (Figure 1), Whenever the net was lifted,
the fish to be used for radicassay were selected so that individuals of the
different sizes of the several Species under consideration would be sampled,
The fish were taken from the net, placed in a bucket of lake water, and

teken to the laboratory.

Scanning. While still alive, selected individual fish were scanned for

gross beta radioactivity with a probe constructed especially for that
purpose. That probe, developed by J. M. Garner, Jr., of the Waste Disposal
Rgsearch Section, had an outside diameter of three-eighths inch and could
readily be inserted into the mouths and gullets of bluegills and other
¢entrarchids of a greater length than six inches. The wall of the probe

was of stainless steel having a thickness of 30 milligrams per square centi=-

meter to allow for the penetration of beta particles, The sensitive portion

it s 7O




of the probe was located about three-sighths inch from the tip so that when

4t was inserted into a fish's stomach the radioactivity of the surrounding

tissues, including the contents of the stomach, could be detected. Each
fish was scanned for a period of five minutes while totally submersed in
water, and then a background reading of five minutes was recorded with the

probe imersed in the pail of water from which the fish had been removed.

Dissection. Immediately following the scanning, if the particular fish had
been scanned, each animal was removed from the pail, killed, dissected, and
samples of the various tissues taken for radioassay. As the samples were
taken, they were placed in glass-stoppered Erlenmeyer flasks of 25 milliliter
capacity which had previously been weighed. The stopper was then inserted
so that drying out of the tissues would be held to a minimum. Whenever

possible, a sample of at least 0.5 gram in weight was used. Samples of

tissues wers taken as follows:

Scales. The fish was wiped clean with a fresh paper towel and the
scales, together with the attached epidermal tissue, removed from one side
of the body. No effort was made to clean each individual scale. If the
fish was relatively large, a sample of scales weighing more than a gram was

removed for assay.

Skin. After all the scales had been removed from one side of -the
body, the skin of that entire side, including the dermis and the remaining
epidermis, was peeled away from the flesh. It was then scraped clean of all

attached tissues.




Muscle. The sample of flesh was usually taken from the dorsolateral
area immediately behind the head. That area is free of bones and easily

removed. The sample of muscle usually weighed at least a gram.

Bone. For purposes of this study, the bones of the fish were
separated into two categories: compact bone, and cancellous or spongy bone.
The samples of compact bone usually consisted of both c¢leithra, about ten
ribs, and some bones of the opercular series. These bones were cleaned of
flesh and wiped off with facial tissue. The samples of cancellous bone
usually included the bodies of all the vertebrae from which the processes

and attached flesh had been removed.,

Fins. For purposes of this study, the fins were separated into three
categories, dorsal fin and attachments, anal fin and attachments, and the
combined pectoral, pelvic, and caudal fins. The entire dorsal fin, both
the spiny-rayed and soft-rayed portions, together with the bones for
attachment to the vertebral column, were scraped clean of attached muscle
and wiped with facial tissue. No attempt was made to remove the skin that
covered the exposed part of the fin. The anal fin was removed in much the
Same menner as the dorsal fin and the entire appeandage used in the sample.
Preliminary assay indicated that the external parts of the pectoral, pelvic,
and caudal fins accumulated approximately the same amounts of radiomaterials.
Accordingly, these fins were excised at their bases, wiped clean of any
attached scales and moisture, and only the exposed portions used as the

Sample,

Gills. The gill structures were separated into two categories in

this study, the gill filamemts, and the gill arches together with the




covering and rankers. In the sample for gill filaments, all the filaments
were recovered and blotted free of excess moisture. In the sample for

gill arches and rakers, all arches and rakers from both sides were removed
and blotted free of excess moisture. None of the median bones were included

in the samples.

Eyes. Both entire eyeballs, exclusive of the attached muscles and

nerves.

Stomach and pyloric caeca. The stomach was excised at its anterior
‘and posterior ends and all contents removed. The attached caeca were left

intact together with their contents.

Intestine. The entire intestine, from the posterior end of the
stomach to the anus was excised and separated from its contents and any

attached fat,

Heart. The entire heart, including the conus arteriosus and the

sinus venosus, free of any blood.

Livers The entire liver, exclusive of the gall bladder.

Gall bladder and contents. The gall bladder and contents, free from

any liver tissue.
Spleen. The entire spleen.
Kidney. The entire kidneys of both sides including the ducts.

Head kidney or pronephros. The entire head kidney, lymphoid in

structure.




Central nervous system. The entire brain and spinal cord, exclusive

of the protective sheaths.

Gonads. Both testes or both ovaries were included in the sample
whenever feasible. In instances where the ovaries were too large to be

included, & sample more than one gram in weight was used.

Contents of the digestive tract. Early in the study the contents of
the stomach were combined with those of thse intestine. After the first
week in May 1952, the contents of the stomach and the contents of +the

intestine were assayed separatsely.

Fat. In those fish where there was enough abdominal fat to afford
an adequate sample, that sample was taken. Radioassay of those samples

indicated that little or no radioactivity was accumulated by that tissue

and after May 1, 1952, it was no longer sampled.

Preparation of tissues for radioassay. The method of preparation, a modi-

fication of the nitric acid wet digestion method, was developed in
collaboration with A. H, Emmons of the Waste Disposal Research Section and

has been published in the open literature (Krumholz and Emmons, 1953).

Counting. All counting was done in the counting room of the Health Physics
Division under the supervision of Juanita C, Anderson. The counts were

made on the second shelf of end-window Geiger-Mueller scalers at a geometry

of approximately 10 percent depending on the particular counter used. Each

duplicate of each sample was counted for 20 minutes. Three readings for
background were taken on each machine for 20 mimutes three times each day.

The background for each sample count was obtained by scaling up or down
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between the two background readings on either side of the counts. Any
duplicates of samples which differed from each other by more then 10 percent
of the net count were reccunted, or, if necessary, new duplicates were

pipetted and counted.

Rediochemicael analysis. Radiochemical analyses on individual samples were

performed by either A. H. Emmons or Bernd Kahn of the Waste Disposal
Research Section. The more extensive work on radiochemical analysis weas
done in the laboratories of the Analytical Chemistry Division, Oak Ridge
National Laboratory, under the supervision of C. L. Burros. Inasmuch as
the entire sample prepared for radioassay was not used in counting, the
remaining portion of the solution of each tissue from each of the two
"species of fish was composited with the remaining portions of similar
solutions. For example, the unused portions of all samples of bluegill
scales were placed in a single bottles, accumulated for a period of three or
four months, end then analyzed. There was no need for immediate analysis
following the radioassay because preliminary enalyses had indicated that
well over 90 percent of the radioactivity present was emitted by radio-

nuclides with very long physical half lives. Furthermore, it was found

through preliminary analyses that more than 90 percent of the radiomaterials

present in the fish were radioactive isotopes of strontium, rare earths,
cesium, and ruthenium. Consequently, analyses were made for only those

elements by Mr. Burros' group.




Seasonal Changes in the Accuwmulation

of Radiomaterials by Fishes

Preliminary results of radioassay of fish taken from White Oak Lake
in the summer of 1951 revealed that those fish had accumulated considerably
more radioactivity than those taken during the previous winter. In the
light of these preliminary findings, it was decided to make a year-round
survey of the accumulation of radioactive materials in the fish of White
Oak Lake. Accordingly, three black créppies and three bluegills were
dissected each week from September 1951 until January 1953. Those two
species were selected for study because they were abundant in the lake and
were easily caught in hoopnets. All of the dissection was performed by
W. To Miller and L. A, Krumholz in order to minimize the discrepancies that
might arise from individual techniques. The fish were prepared for radio=
assay and counted according to the techniques outlined earlier.

The data for the amounts of gross beta radicactivity in the samples

of tissues from the individual fish are listed for the black crappies and

bluegills in Tables 1 and 2 respectively of the Appendix to this section of

the report. Those data for the individual fish were grouped by weeks and
averaged, and the weekly averages then treated with a moving average of five
in order to smooth out the curves to show any seasonal changes in the
accumulation of radiomaterials that took place.

The amounts of radiocactivity accumulated in five different tissues
from black crappies, as indicated by & moving everage of five applied to
the weekly averages, are presented graphically in Figure 6, whereas similar
curves for the bluegill tissues are shown in Figure 7. From these figures

it is obvious that there are marked seasonal differences in the amounts of
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radiomaterials accumulated by both the soft and hard tissues of both species
of fish. Furthermore, it is obvious that the same seasonal changes are
reflected in all tissues represented in the figures. These particular
tissues were chosen for demonstration in the figures because of their
relatively high concentration of radiomaterials. The other tissues assayed
showed much the same fluctuations although the tissues had not accumulated
such large amounts of radiocactivity.

The curves for the black crappies are considerably smoother than
those for the bluegills. The most plausible explanation for the relative
smoothness of the curves for black crappie tissues, and the lack of that
quality in those for the bluegills, seems to stem from the differences in
the diets of the two species in White Oak Lake as indicated elsewhere in
this report. In essence, the bulk of the diet of the crappies consisted of
larval forms of various midges along with miérocrustaceans, whereas the
diet of the bluegills was tremendously varied. Thus, it is believed that
the sample of three crappies per week was adequate for determining the
trends of accumulation of radiomaterials on a year-round basis, whereas
such a sample of bluegills was inadequate. Perhaps a sample of 10 bluegills
per week would have yielded satisfactory results.

It is well known that in all poikilothermous animels the temperature

of the body is largely controlled by the temperature of the environment.

Also, there is a direct relationship between the metabolic rate and tempera-

ture in such animals; as the temperature increases the rate of metabolism
increases and vice versa. Certainly, the increase in the concentration in
rediometerials, as indicated in Figures & and 7, was closely related to the

rise in water temperature during the spring of the year, as shown by the
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date in Tables 25 and 26 of the Limnology Section of this report. Based on
those data on water temperatures, it appears that the spring increase in
the accumulation of radiomaterials by the fish began when the water reached
a temperature of about 55° F, When that temperature was reached in the
environment, the fish bega.nvto accumulate radiomasterials very rapidly, and
by mid-June had more than doubled the amoumts carried during the winter
months. The midsummer peaks in water temperatures and accumulated radio=~
elements in the fishes were reached simultanecusly about August 1, 1952,

At that time the water temperature reached a high of approximately 80c> F,,
which was less than twice the average winter temperature, whereas the fish
had very nearly tripled the amounts of radiomaterials maintained over the
winters. From that point on, the amounts of radiomaterials in the fish
samples fell off rather rapidly, while the water temperature decreased
gradually over the next two or three months and did not drop below 55° F,
until sometime in October. If the accumulation of radiomaterials by the
fish of White Oak Lake is a direct result of their metabolic processes, and
no doubt it is, the sharp decrease in accumulation during August and
September, when the temperature of the environment remained relatively
high, is a good indication that the metabolic processes underwent a marked
change during that periode The most plausible explanation appears to be
that the fish probably entered a period of aestivstion.

The minimum, average, and meximum amounts of gross beta radioactivity,

in counts per minute per gram of tissue, wet weight, for six selected
'——’\/‘(—\

tissues from the black creppies and bluegills assayed during January,
Februery, and March 1952, and January 1953, as compared with similar data

for June, July, and August 1952, are listed in Tables 27 and 28 respectively.
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From these data it is obvious that there was more then twice as much radio=

activity in all tissues during the summer than during the preceding winter.
It is also obvious that there were significantly greater amounts of radio-
meterials in the fish during the second winter than during the first. Data
compiled by the Area Monitoring Group of the Applied Health Physics Section
show that during January and February 1953 thére was about a five-fold
increase in the amounmt of radioactivity that passed over the dam of White
Oak Lake over that spilled in the same period in 1952.

In addition, it is obvious from a perusal of the data in Tables 27
and 28 that the crappies accumilated considerably greater amounts of radio-
materials in the hard tissues than the bluegills, whereas among the soft
tissues the reverse was generally true. These differences are shown
graphically for two selected tissues in Pigure 8. The reasons for such
differences are not obvious. It may be that the differences in diet were
a contributing factor., Also, it may be that the physiological requirements
for the elements represented are different for the two species involved.

If such differences in physiological demands for certain elements are so
great between two species so closely related as the black crappie and the
bluegill, any prediction of the relative amounts of radiomaterials that

might be accumulated by unrelated species of fish would be pure speculation.

The average amount of radioactivity in the water of White Oak Lake,

as determined by the Area Monitoring Group of the Applied Health Physics

Section, was 4.5 counts per minute per milliliter during July 1952.

Radiochemical analysis of the July sample by that same group indicated that

about 2l percent of the radioactivity was emitted by radiostrontium. &P

The maximum amount of radioactivity detected in the bones of black crappies
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(July 29, 1952) was approximately 19,000 counts per minute per gram. From
these data it is apparent that there is a concentration factor of nearly

20,000 to 1 from the lake water to that tissue, Similar data for the blue=

gills (July 8, 1952) show a concentration factor of more than 30,000 to 1

for selected individuals.

Radiochemical Analysis of Fish Tissues

Radiochemical analyses of the composite samples of the various
tissues of the black crappies and bluegills revealed the presence of the

following radionuclides that had been accumulated: strontium 89, strontium

90 and its yttrium 90 daughter, cesium 137, cerium 1ll); - praseodymium 1L);

eand other rare earths, ruthenium 106, cobalt 60, phosphorus 32, iodine 131,

zirconium 95, and niobium 95. However, each of those radioelements was

selectively concentrated by separate tissues; the hard tissues concentrated

primarily strontium and phosphorus, whereas the soft tissues generally
EQEEEEEEEEEE_SﬁfEEE;in greater amounts than any other radionuclide. Among
the black crappies, representative hard tissues (compact bone, cancellous
bone, scales, and dorsal fin) contained consistently the same percentages
of radiometerials at all seasons of the year, irrespective of the actual

amounts of such materials accumulated. Approximately 85 percent of all the

radiocactivity in each of those tissues was emitted by strontium 89 and
Suronbtium U7 an

strontium 90 and its yttrium 90 daughter, and about 10 percent by phosphorus

32. The remaining 5 percent consisted of small amounts of the various

N~

elements mentioned above. Among the same tissues in the bluegills, much the
seme pattern of accumulation was found. There, about 82 percent of the

radicactivity was emitted by radiostrontium and its daughter products,
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about 10 percent by radiophosphorus, and the remainder of various amousts
of the different elements listed above,
Among the soft tissues of both species of fish, the main source of

radioactivity was from the cesium/f37 accumulated in them (Rnobt, 1951),

together with smaller amounts of ruthenium 106, cerium 14, - praseodymium

14y, niobium 95, and zirconium 95+ The amount of radiocesium varied from
about 50 to 90 percent with an average of approximately 75 percent. The
greatest smount of ruthenium 106 detected, comprised about 10 percent of
the total. None of the other elements were ever found to have contributed
more than about 3 percent with the single exception of cobalt &0, In one
instance, the livers of several bluegills were found to be highly radio~-
active (more than 8,000 counts per minute per gram). Radiochemical

analysis showed that very nearly all of that radiocactivity was emitted by
cobalt 60.




ACCUMULATION OF RADIOMATERIALS BY WATERFOTL

During their anmual migration, relatively large numbers of migratory

waterfowl frequent White Oek lLake as a resting place as indicated elsewhere

in this report. Some birds apparently stop over for only 2 few days whereas

others remain for many weeks and mey winter there as indicated in another

section of this report.

The feeding habits of these weterfowl, coupled with the ready avail=-
ability of long=-lived radiomaterials in the bottom muds and algae of the

lake, make it seem likely that some birds might accumulate radionuclides

and carry them elsewhere. There is also the possibility that such birds

might constitute a hazard if eaten by a hunter or his family. Thus, as
paft of the program to investigate the possible effects of radioactive
effluents on the various animals using White Oak Lake, a preliminary program

on the accumulation of radiomaterials by migratory waterfowl was undertaken.

Materiaels and Methods

The carcasses of 18 American coots (Fulica americena), 13 common

mallards (Anas p. platyrhynchos), 8 black ducks (Anas rubripes), 8 wood

ducks (Aix sponsa), 2 gadwalls (Chaulelasmus streperus), and 1 green-winged

teal (Nettion carolinense) were dissected and the various tissues sampled.

All dissection was done by W. T. Miller and L. A. Krumholz. Semples of the

following tissues were teken from most of the birds: eyes, feathers, bill,

brain, skin, muscle, heart, thyroid, trachea, lung, pancreas, spleen,

liver, gizzard, intestine, caeca, kidney, adrenals, long bone, gonads, and

the contents of the various‘portions of the digestive tract. However, in
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the case of 1 coot only 12 tissues were sampled, and only 5 tissues were

sampled from each of 6 of the wood ducks. Those & wood ducks had been

killed when attacked by predators in one of the duck traps,

All of the samples were prepared for radioassay by the method

described by Krumholz and Emmons (1953), Samples of the contents of the

gizzard usually contained fine sand, gravel, end heavy clay materials.

After the soluble material in those samples had been dissolved in nitric

acid, the solution was decanted off into another container. The insoluble

material was then washed several times with nitric acid, followed by wash-

ings of distilled water, and all of the Supernatant liquids added to the

original sample of soluble material, which was then treated as any other

sample being prepared for radioassay. The solids (sand, gravel, and clay)

were then dried and weighed and that weight subtracted from the weight of

the original sample. So far as could be determined, the solids removed from

the samples of gizzard contents did not contain any radiomaterials after the

above treatment.

The samples were then diluted with distilled water to a known volume,

pipetted, and counted ag outlined in an earlier section,

All measurements ?

of radioactivity are listed in counts per minute per gram, fresh weight, at

approximately 10 percent geometry depending on the particular counter used,

Aluminum absorption curves and decay curves were prepared for a

selected number of samples in an effort to establish the identity of the

radioelements encountered,

Radiochemical analyses were made of muscle

Samples and the contents of the caeca and intestines of one coot and one

gadwall,




Radiocactivity in Waterfowl

Unfortunately, the exact time of arrival and the length of time spent
at White Oak Lake by any of the birds are unknown. However, the coots
apparently had taken up winter residence at the lake and remained there most

of the time. Many of the ducks, on the other hand, left the lake almost

deily in their search for food. One of the gadwalls (Gadwall #2) had become
crippled in an unknown manner and, being unable to leave the lake, was
forced to remain thers and feed. Thus, it is impossible to determine the
rate of accumulation of radiomaterials in any of the birds studied.

The data for the amounts of gross beta radiocactivity detected in
each sample of tissue from each of the waterfowl assayed are listed in the
appendix to this section as follows: American coots in Table 3, mallards in

Table li, black ducks in Table 5, wood ducks in Table 6, and the gadwalls and

green-winged teal together in Table 7.

Of the birds sampled, the various tissues of the coots contained
consistently higher concentrations of radiomaterials then any of the ducks
with the exception of Gadwall No. 2 and Wood duck No. l. In feeding, the

coot is primarily a dabbler and grazer (Jones, 1940), picking up its food

from near the surface of the water and often from along the shore, but it

N8 an excellent diver as well. The coot is omnivorous, but approximately

G0 percent of its diet is plant materials of which about 4O percent was

leafy aquatic vegetation and about 1l percent algae. However, in White Oak

Lake there are no leafy aquatic plants, and evidence from the food material

observed in coot stomachs during dissection indicates that algae made up

considerably more than 1} percent of the total diet. The gadwall is one of

the few surface-feeding ducks that can and does dive for its food, although
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that habit is indulged in only when necessary (Kortright, 1943). Also,

approximately 10 percent of the normal diet of the gadwall is algas. The
wood duck feeds primarily on vegetable material which consists mostly of
acorns, nuts, seeds, etc., from trees and shrubs that usually grow on high
ground away from the water's edge (Kortright» ope c¢it.). However, about 20
percent of the diet is usually made up of parts of aguatic plants., One of
the wood ducks dissected during the presént study wes an immature male that
was found shortly after it had died, presumably of natural causes. That
individual was one of a brood that had been reared near White Osk Lake and
had spent its lifetime there. All of the other ducks dissected and assayed
had apparently used the lake primarily as o resting place and had left the
area frequently in search of food. For these, and perhaps other reasons as
well, it seems probable that the smounts of rediomaterials accumulated in
the tissues of Gadwall No. 2 and Wood duck No. 1 mors closely resembled
those of the coots, which spent nearly all of their time at the lake, than
those of the other ducks. Accordingly, in this study, the 18 coots, one
gadwall, and one wood duck will be considered as having spent the majority
of their time feeding at White Oak Leke, whersas the other birds will be
considered as having used the lake primarily as a sanctuary.

The averace amounts of raedioactivity, in counts per minute per gram,
fresh weight, accumulated in the different Tissues of the birds feeding
primarily at White Oak Lake, as compared with those of the birds feeding
elsewhere, are listed in Table 29. From these data, it is obvious that
the birds of the first category accumulated considerably greater amounts of
radiomaterials than those of the second. The only tissue from the ducks
which used the lake largely as a resting place that contained radio-
activity anywhere near comparable to those of the other birds was the
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Table 29.

Average amounts of radiocactivity, in counts per minute per gram,
fresh weight, accumulated in the different tissues of 19 migratory water-
fowl which fed primarily at White Oak Leke, and 30 birds that used the lake
primarily as a sanctuary, Roane County, Tennessee

Birds feeding primarily Birds using White Oak Lake

at White Ozk Lake primarily as a sanctuary

Feathers
Eyes
Bill
Brain
Skin
Muscle
Heart
Thyroid
Trachea
Lung
Pancreas
Spleen
Liver
Gizzard
Intestine
Caeca
Kidney
Adrenals
Long bone
Ovary
Testes
Contents
Contents
Contents
Contents

590

590

3,250

670

790

1,830

1,610

1,860

2,980

1,310

Li,120

2,730

2,300

1,120

2,280

2,030

2,130

2,740

3,400

2,080

2,250

of gizzard 3,160
of intestine 3,080
of caeca 17,060
of rectum L,780

320
15
160
25
30
50
55
120
190
50
1,0
60
80
Lo
100
130
90
90
3L0
120
75
520
120
1,020
Loo




feathers, whereas all other tissues of those birds of the second category
contained only relatively small fractions of the amounts accumulated by
individuals of the first category.

Of particular interest are the amounts of radiomaterials accumulated
by the tissues that are commonly used as food, such as the flesh, skin, and
giblets. Approximately half the live weight of any waterfowl is made up of
those tissues and the flesh constitutes by far the majority of the total,
and ranks second among the five tissues in the accumula;:ion of rediomaterials
(Table 29). If it is assumed that each of the birds containing the larger
amounts of radioactivity had 11 ounces of edible ‘tissues in its body, and
the amounts of radiomaterials in the flesh were representative, the average
bird in that category carried a burden of more than 2.5 microcuries of
radioactivity in its edible tissues alone. In addition, there was at least
that much more in the other tissues of the body. Thus, the average bird in
this study, which fed consistently at White Oak Lake, but for unknown
periods of time, accumulated a total body burden of at least 5 microcuries
of radioactivity.

Radiochemical analyses of samples of breast muscle from two of the
coots showed that practically all of the radiosctivity was emitted by
phosphorus 32. Such phosphorus was, in all probability, accumulated in the
mt_zscle Tissue as adenosine triphosphate during the phosphorylation processes.
It should be mentioned here that the samples of the tissues taken for
radioassay were usually counted about three or four days after the birds
were caught. Inasmuch as the physical half life of phosphorus 32 is
approximately 1l days, there was time between capture and asssy for con=-

siderable decay. Thus, since no corrections were made for decay, the




amounts of radioactivity in the birds at the time of capture were undoubtedly
higher than the data in the wvarious tables indicate. No radiochemical
analyses of any of the other tissues were made, although aluminum absorption
curves prepared from some of the samples of bone indicated that at least
half the radiocactivity in those samples was emitted by radiostrontium.
Calculations of the amounts of edible tissues in each of five coots,
two gadwalls, and two mallards that could be consumed by men without
exceeding the accepted maximum permissible concentration of phosphorus 32

are listed in Table 30. From these data, it is apparent that amy one of

the birds that fed primarily at the lake (the five coots and the gadwall

captured March 3) would have supplied any humen individual with considerably

more than the permissible amount.




Table 30. Amounts of five edible tissues from three different kinds of
waterfowl, in pounds, that could be consumed by man each day, without
exceeding the accepted maximum permissible concentration of phosphorus 32,
White Oak Lake, Roane County, Tennessee. The dates indicate the time of
capture for each bird, during the winter of 1951-1952.

Coots Gadwalls Mallards
Tissue
11/9 12/3 12/17 1/24 2/18 2/8 3/3 12/17 1/25
Liver o@ 019 o17 +10 -08 039 .09 25 8 500

Heart

Muscle

Gizzard

Skin

1.00

L2

60

33
«27
L8
<60

26
31
31
27

22
21

29

.10
.15
.18
3L

1.00
1,50

1.40

.16
.18
«17

26

17.6
Lo.8
L2.8
23.8

7.0
540
10.7

L3




ACCUMULATION OF RADIOMATERTAIS BY OTHER VERTBBRATES

This section includes the results of dissection and radiocassay of 27

miscellaneous vertebrates as follows: two bullfrogs (Rana catesbians), one

cumberland turtle (Pseudemys scripta troostii), two map turtles (Graptemys

geographica), two soft-shell turtles (Amyda ferox spinifera), three

‘ snapping turtles (Chelydra serpentina), one blue racer (Coluber constrictor),

three green herons (Buborides v. virescens), two American egrets (Casmerodius

albus egretta), one belted kingfisher (Megaceryle 2e alcyon), seven muskrats

(Ondatra zibethica), two raccoons (Procyon lotor), one gray squirrel (Sciurus

carolinensis), and one woodchuck (Marmota monex).

Each of those animals was taken to the laboratory, killed, dissected,
prepared for radioassay, and counted in much the same manner as that

described for the waterfowl,

The amounts of radiocactivity, in counts per minute per gram, fresh
weight, accumulated in the different tissues of the frogs and turtles are
listed in Table 8 of the appendix to this section of the report, whereas
similar data for the birds are listed in Table 9, and those for the mammals

in Table 10 of that same appendix. The various tissues of the snake con-

tained only small amounts of radioactivity and are not included in the table.

Neither of the bullfrogs had accumuleted much radiocactivity in any

of the tissues sampled although they had probably spent a considerable

portion of their lives in or near White Oak Lake.

Both of those animals

were femeles and were captured in hoopnets during October 1952. Actual

counts of the numbers of eggs in the ovaries revealed that one individual

contained 11,7L0 ova and the other contained 12,390,
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All of the turtles had accumulated relatively large amounts of
radiomaterials in the various parts of the skeleton, which on radiochemical
analysis was shown to be mostly radiostrontium. The bones of one snapping
turtle, which had been found dead in one of the nets during the fish popu-
lation study in the spring of 1952, were allowed to remain on the lake bank
exposed to the natural elements for about & year. In March 1953, the
humerus and femur of that animal were assayed, and it was found that approxie-
nately 2,800 counts per minute per gram of radioactivity was still present.
Aluminum ébsorption curves of the radiomaterials in those samples revealed
that it was almost pure strontium 90 together with its yttrium 90 daughter.

Although the wading birds and the kingfisher spent a large part of
their time searching for food and feeding at White Oak Leke, none of the
tissues contained very large amounts of rediomaterials. The relatively
large amount of radioactivity in the sample of the bill of Green Heron No. 3
was probably caused by silt particles that had adhered to it. However, that
particular bird had accumulated greater amounts of radiomaterials then any
of the other birds of that species. Inasmuch as all of those birds migrate
to other parts of the western hemisphere, any of the radiomaterials that
they accumulate during their stay at White Oak Lake is carried with them.

Among the mammals, the most interesting was Muskrat No. 7. That
aniral was caught near White Oak Creek in the 500 Area of the Osk Ridge
National Laboratory. During its stay in the area it had accumulated a very
large amount of radiostrontium throughout its skeleton, presumably from
feeding on contaminated plants of its own choice. The figure of 246,000
counts per minute per gram (1.1 microcuries per gram) in the long bone as

listed in Table 10 of the appendix, is an average of four separate samples
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taken from different parts of the skeleton. That animal had developed an
osteogenic sarcoma at the proximal end of the right tibiofibula which had
metastasized to the lungs and kidneys. A complete case history of that
animal has been prepared by Dr. Krumholz and Lt. Col. John H. Rust,
Veterinary Corps, U. S. Army, and has been accepted for publication in the

Archives of Pathology. The date of publication is unknown but it is pre-

sumed that it will be out in 195l.

None of the other mammals had accumulated as much radioactivity as

the muskrat mentioned above. However, all of the other muskrats had cone

siderable amounts of radiostrontium in their skeletons, The raccoons and

squirrel, which are not generally considered as aquatic mammals, had

accumulated only very small amounts of radiomaterials. The woodchuck, on

the other hand, was an immature female, probably not more then a few months

old, that was caught while feeding on plants growing at the edge of the

Settling Basin. If thet animal had continued to feed in that area for a

long period of time, and continued to accumulate radiometerials as rapidly

as it had during its relatively short lifetime, it may well have suffered

the same fate as Muskrat No. Te




BANDING OF MIGRATORY WATERFOWL

Although White Oak Lake is a relatively small body of water as come
pared with nearby reservoirs of the Tennessee Valley Authority, practically
all species of migratory waterfowl which pass through eastern Tennessee
have been observed on the lake during the course of a winter season. At
that time the birds tend to congregete there, especially during the hu.nting
season and periods of inclement weather. The presence of such large flocks
of waterfowl raised the gquestion as to whether ‘bhe_ birds were all members

of one large flock that remained in the vicinity, or whether they belonged

to a succession of small flocks which passed through the area and stopped
only for short periods of time.

The only successful method for obtaining information on the movements
of waterfowl into and out of an area is one in which the birds are trapped,
banded, and released. This method, oi: course, depends on the success of
catching the birds and the recapture of individuals which have béen banded
previously. In addition, information on the movements of such birds is
obtained from reports of banded individuals killed by hunters in various
parts of the country. Accordingly, a program of banding waterfowl at White

Osk Leke was inaugurated in September 1952 in cooperation with the U. S.

Fish and Wildlife Service ard the Temmessee State Game snd Fish Commission.

Materials and Methods

During October and November 1952, one trap of customary design for
trapping waterfowl was used. That trap was constructed of a frame of 2 x Ly

Pine lumber, having outside dimensions of 16 feet by 8 feet and & feet high,
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with the top and three sides covered with one=-inch mesh poultry wire. One

end was designed with two doors the height of the trap, hinged at the

corners of the trap, and angled towards the center to form a V-shaped opening
four inches wide. The trap was set in about 12 inches of water near the
upper end of the lake over a soft mud bottom and baited with shelled corm.
Unfortunately, the corn settled into the mud and hence was not available to
the birds. Accordingly, several floating wooden platforms of one-inch
meterial were constructed with one-inch strips around the upper edge so that
the corn would not wash off. These platforms, about 18 inches wide and L

feet long, were placed in the treap and baited. Apparently such baiting was

attractive to wood ducks inasmuch as many of them were caught.

However, as the season progressed, it became evident that the more

wary species of waterfowl, although present on the lake in large numbers,

were avoiding the trap. Also, the wood ducks learned rapidly that the
entrance to the trap served as a ready exit. The trap was modified by
removing much of the wooden structure and replacing the one-inch-mesh wire
with some having a mesh of two inches. The entrance was also redesigned to
serve as a funnel. The doors were removed and poultry wire fastened in
place so that there was & concavity about 18 inches deep from the front of
the trap. That concavity led into a tunnel of poultry wire about 6 inches
wide, 16 inches high, and 16 inches long, along the floor. A door was
placed at the rear of the trap so that the operator could enter and handle
the birds. The trap was moved to & new location where the bottom was

firmer. Immediately following this renovation of the trap, the catch of

birds increased and remained good for the rest of the season.

Two smaller traps, having the same features as the larger one, were

constructed and placed in different locations. Those structures were 8
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feet long, 6 feet wids, and 5 feet higin, and the entire trap enclosed with
two-inch-mesh poultry wire. These smaller traps were eesily constructed,
and contained a minimum of materials. As a result, they were very light
and two men could easily transport them from one part of the lake to another
whenever conditions warranted.

The tunnel was very effective in retaining the birds in the traps
and apparently did not deter them from emtering. Because of the length
end narrow width of the tunnel, no bird was able to turn around and go back
once it had started in. Once in the trap, the birds were usually unable to
discover the point of entrance and frequently wa.l];ed over or past the tunnel
without noticing the opening. The height of the tunnel permitted a trap to
‘ catch ducks even though the water level rose as much as 12 inches in the

tunnel.

All of the traps were baited with shelled and ear corn and the ducks
were removed from the traps each morning seven days a weeks Only very
rarely did the ducks enter the traps before dusk, so it was not necessary
to run the traps more than once a day. Trapping continued well into the
spring until it became apparent fhat the only birds remaining in the area
were nesting., Thus, the entire trapping season extended from the second
week in October 1952 until the first week in My 1953. Only during the
jast few weeks of the study were the traps left open during the week ends.

The following migratory waterfowl were observed on White Oak Lake
during the trapping season of 1952-1953% ¢

Pied-billed grebe - Podilymbus podiceps

Florida gallinule - Gallinula chloropus

Anerican coot - Fulica americana
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Canade goose ~ Branta canadense

Mallard - Anas platyrhynchos

Black duck = Anas rubripes

Gadwall - Chaulelasmus streperus

Baldpate = Mareca americana

Pintail - Dafila acuta

Green-winged teal - Nettion carolinense

Blue-winged teal - Querquedula discors

Shoveller - Spatula clypeata

Wood duck ~ Aix sponsa

Redhead - Nyrocs americana

Ring-necked duck - Nyroca collaris

Greater scaup - Nyroca marila

lesser scaup -~ Nyrocs affinis

Buffle=head - Charitonetts albeola

Hooded mergeanser - Lophodytes cucullatus

Red-breasted merganser - Mergus serrator

Ruddy duck - Erismatura jemaicensis

Banding Operations

During the season of 1952-1953, a total of &9 waterfowl were banded

and released at White Oak Lake as follows: 390 mallards, 137 wood ducks, 96

black ducks, 17 coot, 6 pintails, I gadwall, 1 baldpate, and 1 green-winged

teal.

During the early part of the season, it became obvious that only a

small percentage of the birds that visited the lake were being caught. Even
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Though the catch increased after the ‘two small traps were put in operation,

it was still apparent that relatively few of the transient birds were being

banded. On several occasions, following heavy rains, the traps became

flooded out and the birds could not enter them. Although no actual counts

were made, it was estimated that fewer than 10 percent of the birds that

visited the lake entered +the traps. Thus, inasmuch as [SHe) waterfowl were

banded, it seems plausible +o say that upwards of 6,500 migratory waterfowl

visited White Oak Lake during the winter season of 1952-1953,

Mallards. During the trapping operations, a total of 390 mallards

were banded and released., The sex ratio among the banded birds was 99

males : 100 females,

and is believed to be representative of the population

as a whole. It was estimated that about 1,000 mallards visited the lake

during the 1952-1953 season.

Mallards were among the earliest waterfowl to arrive at White Oak

Leke in the fall of 1952, Small flocks, usually two to ten birds in number,

appeared as early as the last week in September, and continued to arrive

occasionally until late November. The main flights of mallards began to

arrive about the middle of December and reached their peak abundance during

the first week in January. During that period they outnumbered all other

Species. Following Januery 10, when the hunting season closed, the mallards

virtually disappeared from the lake for a period of about three weeks.

However, during the first week in February, about 25 prercent of the banded

birds retumed to the lake and remained in the vicinity for the rest of the

month. During March, the banded birds teken in the traps bore numbers which

had not been recorded for several weeks. Furthermore, those birds were

usually paired off and spent only a relatively short time at the lake,
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indicating that the northern migration was in progress. The catch of

mallards tapered off until April 21. After that date, none were seen on

the lake.

Of the mallards banded, 3L0 (87 percent) were handled before January

10, as indicated in Figure 9. The remaining 13 percent were banded largely

during February, and may well have been with the flocks that visited the

lake earlier, but for some reason or another did not enter the traps.

Although large numbers of mallards were not banded at White Osk Lake

until late December, 11 of those banded birds were killed by hunters before

January 10, and another was caught in a trap on January 19. The following

list indicates where and when the birds were killed:

Alabama

Jackson County between December 31 and January 7

Kentucky

Muhlenberg County between December 20 and January 10
Wayne County, January 8

Jessamine County, January 9

Nelson County, January 10

Tennessee

Loudon County between January 2 and 10
Grainger County, January 3
Jefferson County, January 6

Loudon County, January 7

Smith County, January 9

Marion County, Januvary 10

Loudon County, January 19 (trapped).

From the data at hand, there seems to be good evidence that the

mallards under observation had finished their southern migration, and were

wintering in the general vicinity of eastern Tennessee within a radius of

approximately 100 miles of White Oak Lake. Birds banded at that lake were ’

killed in Kenbtucky, Alabama, and Tennessee within a relatively short time-
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after banding. Meny of the banded birds were recaptured at intervals
throughout the season. Inasmuch as the birds generally dispersed from the
lake aefter the hunting season closed, it is apparent that the lake provided
a sanctuary from the hunters during the open season. Certainly, hunting
pressure has never yet been & deterrent to migration of waterfowl.

Several of the paired birds seen during the early spring consisted
of a drake mallard and a hen black duck, and several of the birds taken in
the traps were hybrids between tﬁose species., All of the hybrid individuals
which appeared to be about half mallard and half black duck were males, and
slightly larger and heavier than adult birds of either of the parent species,

perhaps a menifestation of hybrid vigor.

Black ducks. During the trapping operations, a total of 96 black
ducks were banded and released. The sex ratio of the banded birds was 129
males : 100 females, and is considered as representative of the population
as a whole, even though there were relatively more males than among the
mallards. The females appeared to be more susceptible to recapture then
the males. It was estimated that about 1,000 black ducks visited the lake
between September 1952 and April 1953.

The black duck is similar to the mallard in many respects except in
coloration, and is considered to be much more wary. The pattern of - |
utilization of White Oak Lake by the black ducks was very similar %o that
of the mallards, although the black aucks were only about one-fourth as
abundant (Figure 9). They arrived at the lake in small numbers until
December and then built up to a peak abundance the first week in January.

They, too, left the lake for a period of about three weeks after Januafy 10,

bqt when they returned in February they were outnumbered by the mallards by
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only 38 percent. The decline in numbers through March and April closely
followed that of the mallards.

The percentage of banded black ducks recaptured was considerably
higher than among the mallards. Of the 96 birds banded, there were a total
of 181 recaptures, but only L, percent of the individuals banded were
recaptured. The other 56 percent were not recaptured at any time. Many of
the banded black ducks wers recaptured throughout the season indicating that
those birds preferred to stay in the vicinity of White Oak Lake once they
arrived there.

Thén, too, only two of the banded black ducks were killed by

hunters, and both of those in neighboring counties (Loudon and McMinn),

Wood ducks. A total of 137 wood ducks were banded and released at
White Oak Lake during the 1952-1953 season., The sex ratio of the banded
birds was 132 males : 100 femsles. The rate at which the birds were re-
captured also indicated that the males were more vulnerable to trapping.
Thus, it is believed that the sex ratio of the entire population of wood
ducks was much closer to & one to oﬁe ratio than indicated by the birds
banded. Perhaps as many as 1,000 wood ducks visited White Osk Lake during

the 1952-1953 season.

The natural enviromment of the White Oak Lake area is particularly

attractive to wood ducks. The dense vegetation along the creek bottom pro=-

vides adequate cover and a wide variety of food. During the fall of 1952,
more than 100 wood ducks were observed rising from the lake at one time,
The birds began to arrive at the lake early in October, but none were

Caught in the trap until late that month. Wood ducks were caught or seen

8very day until December lij. At that time they left and did not reappear
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until the middle of February. The flocks seen in the spring were
generally small, never exceeding 10 birds. At this time of the year they
did not enter the traps frequently. Only four of the birds banded during
the fall were recaptured during the following spring.

Of the 137 wood ducks, 128 were banded during a 30=day period in the
fall and the remaining 9 were banded during February, March, and April.

The number of recaptured wood ducks was relatively high (23 percent) con-
sidering the short time they spent on the lake. Only eight birds were
recaptured later than seven days after being banded.

Information on bands from five wood ducks was returned by hunters
who had killed them. All of those returns were from areas to the south and
southwest of White Oak Lake, as follows:

Alabama

Lamar County, November 2
louisiana

Baton Rouge Parish, November 1952
Tennessee

Obion County, November 2
Polk County, November 29

Texas
Shelby County, December 3.

The complete disappearance of wood ducks during the winter months,
and the return of information on birds killed by hunters to the south and
southwest, indicates that that species prefers a milder winter climate than
that afforded at White Oask Lake. From the meager data at hand, two wintering
areasbare suggested, one in northern Alabama, and one near the lower end of

the Mississippi River.
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Early in the summer of 1952, one hen wood duck, along with 12

ducklings, was observed on White Oak Leke. I+ is suspected that other

birds nested in the area but no other young were seen.

The modified funnel entrance helped considerably in retaining the

wood ducks once they had entered the traps. In the first trap, made with

a V-shaped entrance, these birds would frequently enter and leave at will.

Cooct., A total of 17 coot were banded and released at White Oak

Lake during the 1952~1953 season. However, 7 of those birds were killed

and used for radiocassay at different times during the winter. Because of
the difficulty in determining sex from external characteristics, no sex
ratio was established for this species.

There is no evidence that coot migrate farther south than White Oak
Leke. Rather, the birds that came to the lake during the fall, remeined
there for the winter. Nine birds arrived at the lake about the middle of

October and by the end of the month the remainder of the entire winter

flock of about 30 birds had accumulated. Inasmuch as there was an abundance
of natural food present, the coots were not attracted by the bait in the

traps. However, off and on during the entire winter, occasional coots were

caught and banded,

Gadwall, The first few gadwall arrived at White Oak Lake in'October,
and it is believed that those birds remeined in the vicinity for most of the
winter. Other individuals arrived at intervals, and at one time a flock of
about 100 gadwall was present. One of the preferred foods of the gadwall is

filamentous algaee, and the birds frequented those parts of the lake where




mats of that plant material were abundant, The gadwall paid no attention
to the bait in the traps, even though a variety of bait materials was used.
Although one gadwall was caught and banded, it is believed that that bird
merely entered the trap while associating with other ducks.

Gadwalls were present on the lake in varying numbers until late

February when they began to leave. A few birds, however, remained until

April 23, After that date none were seen.

Green-winged teal. A flock of 18 green-winged teal arrived at White

Oak Lake early in October and stayed in the vicinity all winter. Although

they spent some time at the lake, they preferred to stay in the aresa of

the Intermediate Pond. One of these birds was caught and banded. The

entire flock left the area about the middle of January end did not return.

Whether they went north at that time is unknown,

Pintail. A few of these birds appeared at White Oak Lake asbout the

middle of November. At that time two immature males were banded and

released. Occasional pintails were seen on the lake during the winter,

usually in association with other species. Four female pintails wers

banded and released in February.

Baldpate. Baldpates were comparatively scarce, and when they were

seen it was usually in the company of a larger flock of gadwall. The first

individuals of this Species were observed in October and smell flocks were

Seen intermittently until April. One hen baldpate was banded and released.

Other species, Representatives of one species of goose and eight

other species of waterfowl were observed on White Oak Lake during the 1952-

1953 season.
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Six Canada geese used the lake as a resting spot at night for several
weeks. They usually arrived at the lake at dusk and left early the follow-
ing morning.

The diving ducks of the genus Nyroca were represented primarily by
the lesser Scaup. Occasional pairs of this Species was present and, in a
few instances, ag many as 12 birds were observed. The greater scaup was
only a rare visitor., A few ring-necked ducks and redheads were also seen
occasionally,

The blue-winged teal appeared early in the fall and as many as 20
birds were frequently seen. However, they never stayed in the vicinity for
more than a few days.

Ruddy ducks, shovellers, end buffle~heads were rare visitors, and
never more than sbout six individuals were observed at any time. Pairs of
shovellers revisited the lake occasionally all winter,

About eight pied-billed grebes were on the lake almost continually
throughout the winter. These fish-eating birds are not gregarious, and
only one or two individuals werse seén at any time.

The red-breasted merganser was a very rare visitor on the lake and
never stayed more than a few hours,

A flock of about 12 hooded mergensers were observed on the lske
Occasionally throughout the winter. It is assumed that they wintered in
the immediate vicinity,

Two immature Florida gallinules stayed on White Oak Lake during
October. Much 1like the coot in their habits, they remained almost con-

stantly on the water.
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Route of Migration

The main flyways used by migratory waterfowl have become fairly
well established by the banding and recapture of birds at verious locations
all over the continent, and by reports of information on banded ducks
killed by hunters. It is to be expected that the large impoundments of the
Tennessee Valley Authority have had some influence in diverting waterfowl
from the previously established routes of migration. The natura; attraction
of these large reservoirs to waterfowl is apparent, especially in those
instances where adjacent areas have been dewatered and planted to food
crops. Although their discussion was limited iargely to the central and
western parts of Tennessee, it has been pointed out by Wiebe, Cady, and

Bryan (1950) that there is an awareness to the potentialities of the area

by the following quotation from their paper:

"The Tennessee Valley is rapidly becoming an important wintering
area for waberfowl of the Mississippi Flywsy because of (1) the
possibilities created through the TVA developments, and (2)
deterioration of coastal areas."

Even though no food crops have been planted on the reservoir
properties in the eastern part of Temnnessee, it appears that these large
bodies of water in themselves have exerted a considerable influence on the
migrating flocks of waterfowl.

From the meager data et hand, it is assumed that the birds which
frequent White Oak Leke follow a route that leads from the eastern Great
Lakes region along the rivers flowing in a southwesterly direction along
the western slope of the Appalachian Mountains into eastern Tennessee.

This assumption is supported by the fact that a duck banded in western

Pennsylvenia (the only foreign recapture in our records) was recaptured at
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White Oak Lake, and that another duck banded at White Osk Lak;vwas found
dead in Haliburton County, Ontario, Canada, in April 1953,

The most plausible route of migration for such birds is south along
the Allegheny River to the Ohio River. Then, instead of going west along
the Ohio, they proceed south along the Kanalwa or the Big Sandy River to
South Holston Reservoir, and thence down the Holston River into east central
Tennessee; It is possible that this minor route of migration is familiar
to other investigators and that the birds caught at White Oak Lake were
merely members of a very large flock of which only one bird had been
banded. However, if the use of this route is verified by additional
information, it seems more reasonsble to assume that there is a tendency for
some of the birds to be deflected from the Atlantic Flyway by the

Appalachian Mountains.
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